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FOREWORD/

The Center for Buirding Technology (CBT) prop ides
the technical,and scientific bases for criteria and
stanArdg that impro9e the usefulness,,saf9ty, and
economy of buildings. CBT'research also aims at
conserving building materials and energy, Cars
activities support the building technology programs of
Federal, State and local gmernment, assist design
professions,-building officials, pnd the research
community by developing improved design criteria, and
assist manufacturers of building pfod.ucts by developing
methods for evaluating innmathe building materials.

Individgal projects may emphasize one or more of the
Cente?s typical acliNities in prodding improved
knowledge, in usable form, to the building community.

activities include. problem analysis to define and
characterize needs fpr improved building practices;
research to obtain vital new knov.ledgetechnical
problem sohing to develop imprtive,c1 practices from the
best aNailableknov.ledge, dissemination of results to
users in the building community, anckimpact analysis to

`show how well the Center's work has met the building
i-community's needs and whether elements of the original
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problem remain 'unresohef3 or, ne3.v, problems exist. In \
all these activities the Center works closely with other
organizations in the building community which aid in the

'calendar
Center work or use its results:

This report summarizes CBTs research for
year 1976. Each summary lists'the prikject title, its
progress, point of contact within CBT, and sponsor.
This report supersedes the 1976 edition of SP446,
which coverdi the 1?35 CBT projects.

The reader is encouraged to rniew two other d

companion documents. NBS Special Publidation 439,
The Center For Building Technology. A Perspectue
presents the facilities and approaches to building research
at the Center. Special Publication 45'7- I, Buildittg
Technology Publkatiops 1976, lists and indexes
all recent reports published by CBT.

The summaries presented in this report are arrang &d
by subject-matter categories, such as Strlictural Studies,
Economics, and so db. These categories, howeNer, were
selected merely to group like projectsnot to reflect the .

structure of the Center. CBTs organization i$ shown
below.

ING TECHNOLOGY
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ENERGY.CONSEkVATION PLANNING .

Robert R .Jones -301 -.921 !3892
-Office of Housing and Building Technology

Spo National Bureau of Standards
t_

,
PARTICIPATION IN THE AMERICAN
SOCIETY OF HEATING,

-REFRIGERATING, AND AIR-
... CONDITIONING ENGINEERS

A

I -

a

46,
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Under this project. energy conservation prog rams
are planned and energy conservation technology is
promoted. Plans are developed to coincide with
programs at other Federal agencies, such arthe Federal
Ikergy,Administration, the Energy flesealtch and
Develoin'ent Adfriinistration, and the Department of
Housing and Urban Development. Center staff members'
prepare background sfudies and analyses lkr
interagency multidisciplinary projects. Energy program
planning efforts are presented to interested groups. In
this context, the Center's energy conservation research,
consultation, and technical advice reaches all segments
of the building community. Also, responses are made to

,
requests for new research findings and reference data.
and for technical information.

. The Center will partitipate on the American
vSOciety of Heating, Refrigeratipg,sand Air- Conditioning
Engineers (ASHRAE) Standard 90:75, "Energy
Conse %atiOn in New Buirdin s" Proect m

STANDARD.90' 75, !' ENERGY
CONSERVATION IN NEW BUILDINGS"

Frank J .Po'vve -301 -921 -3637
Building En ''ronnient -

Sponsor. National Bureau of Standards

..

t
er.

- its Sub-Panels, to provide interpretations on the current
90-75 Standard and to revise and update this standard.
The use of thestandard throughout the building regular
tory communit a major goal.

PreViouly, T developed The energy design "
criteria that were published as Design and Evaluation
Criteria for Energ) Conservation in New Buildings,. which
present requirements for 301101 resistance and air

' leakage in buildintg envelopes and'energy-sa'vit
practices in mechanical and electrical d9ign. These
criteria were used by ASHRAE and the Illuminating

, Engineering Society, to develop Standard 90-7.5 of '
,,,'ASHRAE. in its Standard 90 -75 Workbook; ASHRAE

sited the 'standard, promulgated in August of 1975, as
its "most significant contribution to our society."
Arthur D. Little Associates in a study under contract to
the Federal Energy. Administration (FEA) estimated the
useof Standard 9045 will save 60 percent of the
energy used in office buildings. Fbrther, col struation
astsarings,-Would be 63 cents Per squale fopt.
Additional costs"of insulation and glazing aremore than
counterbalanced by the savings in mechanical systems.

The State of Wikorminad.opted a portion of the
. standard and the Stale of Virginia kdopted the.entire

standard. Michigan and New Jersey are considering The
standard. An adaptation of 90-75 was developed by the
Buildifig Officials Conference of America, anda draft . ,
version was prepared for-other rriodel'dode groups by

. the Board of Coordination' of Model Codes. Proposed
regulations of the PEA cite the standard as a path to

for Federal assistance to States in energy'con:
nervation planning:

V

..40,44Af
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DEVELOPMENT OF ENERGY
CONSERVATION STANDARDS FOR,"
EXISTING BUILDINGS, THE
AMERICAN SOCIETY OF HEATING,
REFRIGERATUsiG AND AIR- .1
tONDITIONING ENGINEERS .;

STANDARD 100. =

Prank J .Powell -301 -921 -3637
Builditk Environment Division

Sponsor. National Bureau of Standards

PROGRAM MANAGEMENT FOR
STANDARDS DEVELOPMENT

Jim L .Healetebrand -301 -921 -3892
Office of Housing and Building Techtiology

O

I

Because of the large number offe-xisting buildings,
the American Society of Heating, Refrigerating and Air-
Conditioning Engineers Standard 1-60rriay have a much'
greater impact on'the Nation's energy consumption than'
standards'Tor'ilew buildings. Under this project, the
Center will play a leading role in generating technical
data for this standard, -The results of other CBT
research Will, be especially helpful, in developing-the
technical data by relying on such research activities as
rooting, thermal insulation, and energy efficient building
services. This activity will also serve as a valuable link
with CBT activities on performance-based standards for
buildinrenergy conservation in nevA

t,

r,).

Conceptual models, economics antd technical-
data,tand performance criteria do riot come easily froth
the m'ss of data that is being developed pn the way*,*

.buildings use energy. This.prrlject is themanagemerit
framework under whichthese data will he developed for
building energy performance standards and for manual

-Sponsors-- blepaptnivu:of new

4

Urban Development,
Energy-Res.earch and.

Dielopment. Administratro'h'

ENERGY BUDGET APPROACH TO
BUILDING STANDARDS

William
'

L .Carroll -301 -921-3503
Building Environment Division'

Sp. onsOrs:
v
Department of Housing and

Urban Development,.
.. fnerp Researe'll land

5
..,,

Development Administration
.,-

`

1

1 I I

building dbsign. The projecrprovides for monitoring ,

and coordinating the research efforts to develop perfor-
mance standards, appraising the sponsors of progress, .
and liaison with the building community andtpublic
officials. East year, theoutput of this projecrwas'a
white paper on "Energy Conservation Standards" and a
draft of thtailit residential/commercial program-:,
Project nianagemebt also chaired a task force working
group on national energy cortserwion standards and' '`

made a presentation to the Energy Research Council
Task Force on Thermal.Standards.

This project is an integral.part of the develop-
-ment of building energy performance stind0s It
approaches energy budgets by way of classification

.schemes for buildings, their service systems, their use
and their environments, and'ihe development of a
.calaArlation methodology. Likewise, significant climatic
parameters will be identified and coordinated with'the
buildibg,classification paranftters into an_overa11 set of
building- energy performance measures. Correlations
between climate pthmeters and energy consumption ,i4*
will be developed. A *methodology will be developed jo
determine the climate classification for actual typical
weather data for any' particular !Option.

Finally, all these; ill be -corribined into an overall
energy budget methodology, which will be ddstribed-in
several National Bureau of Standards reports: one fOr
residenti4I buildings, one for commercial building., and
one coveringythe development of the methodology itself.

tr

A
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ENERGY USE IN BUILDING
OPERATIONS

S. Robert Hosting; -301 -921 -3595
TechnicalEvaluatiou and Application
Division

.sponsors. Energy Research and
Development Administration,

Departure's f Housing and
' Urban Development

PILOT TEST OF THE CONCEPTUAL
BUILDING ENERGY PERFQRMANCEI

STANDARDS DOCUMENT
b

Jim L. Heldenbrand -301 -9 -1
Office of HouVrig and Building Technology

Sponsors: Department of Housing and
Urban Development,.,

Energ)Resea*ow rch and

Deve opment Administration
. .

4.

ILLUMINATION CRITERIA FOR
`BUILDINGS

Cary T .Yonemura -301 -921 -2177
Technicgl Evaluation and Application
Division

Sponsor:

r
Energy Research and
'Development Administration

,440.00.

WINDOW RESEARCH' FOR ENERGY
CONSERVATI*1

, Belinda Lowenhaupt Collins -301 -921
2177
Techriical Evaluation- avid Application
Division d

Sponsors: ,Etkergy Research and
Development Administration,.

Department of Housing arid, ,
,Urban Development

-

z

To develop realistic energy budgets, `the ef fects of
user behavior on- energy consumption must be
considered. This project will provide those It will
collect and organize data on energy contump n in
single-family residences and office buildings. Where,
existn data are inadequate, methods will be designed
for colleCting and evaluating new data. The results of
this projeci will be incorporated in the enemy analyses
used in developing building energy perfbrmance stand-
ards and, in predicting their energy impacts. In addition.,
this, project will assist in describing the agchitequral;
(non-mechanical) characteristics of typical single-family °
and attached residences, and typical °Bite buildings.
Where it is difficult to- describe The architectural -
characteristic's °Pa typical .building, or to sblect
prototypes for a particular building type, a special meth-
odology will be.provided.

.

This project will provide an early test of the
effects of new building energy performance standards.
Itspurose will be to validate the final approaches
selected ty,:means pf a pilot "test by representative -Users:

web

/ 4/Pt

architects, engineers, builders, designers, financial
institutions,, and building regulatory officials. An
importantfacet or th4 research will be user acceptance,
which is just'as necessary to BEPS success as is its
technical reliability. .

i

he 'goal is to develop, test, and quantify the illu-
mination required for visual performance in support of
building energy performance standards. Energy
cogsuiMed for artificial illumination also has a secon,ciary
heat libeiating effect on building heating and cooling
loads; this in turn can be a large factor in energy conser-,.
vation for certain building typeS or climates.

.

t.
7""

The goal of this project is to develop a cotnpre-
,hensive method for evaluating window performance in
Support of building, energy performance standards. Key

( 'Objectives include quantification of the heat transfer
properties of windows; identification of user reqUire-
ments, development of a cost-benefit analysis, and
assessment of window design strategies,:to optimize
datuml light and,ventilation.Results from these analyses
will provide criteria and data for assessing the costs and :-
benefits of-windows in the development of energy .

budgets for new buildings.

.
.-- -

4 s' . 11:4
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COMPUTER PROGRAMS FOR ENERGY
ANALYSES

William L. Carroll -301 -921 -3503
Building Environment Division

Sponsors. Energy Research and
Development A,dmtnistratiqn,

Department of Housing and
Urban Development

NATURAL VENTILATION FOR
ENERGY CONSERVATION

Charles g Hunt -301 -921 -3512
Building environment Division

Sponsor National Bureau of Standards

.

SUPPORT 4FOR THECOMMUNITY
SERVICES ADMINISTRATION' S
WEATHERIZATION ASSISTANCE
PROGRAM

Richard W Crenshaw -36 )--'921 -3595
Technical Evaluiitioo and Application

Division

This project.will.develop a set of computet
routines and programs that will allow energy budgets to
be predicted for selected classes of commercial -

buildings. In effect, this project provides the overall
computational support to building energy performance

/standards development. Although this project is just
beginning, today's understanding of Building energy per
formance through con3puterized simulhtion will have t'o
be advanced.significantly before it is completed.

Cownunity Services=
Adiitinistratioti

*a.

This projavill assess the energy sayings and -
comfort provided controlled natural or forcest
yentilatiOn. The project also will develop guidelines for
designing and retrofitting bbildings with a view toward
the optimsal one of the natural cooling effeCt of outdoor
air. Reseai'chers will select a house and instrument its for
measuring temperature distribution and relative
humidity throughout. Inside-outside changes in pretsure
also will be measured.

' Test are plann,ed both in the Center's environ-
mental chamber ancrin, the natural environmenl.ln the
chamber, fans capable of producing air movement
between selected tross-vehtilation sites equivalent to 0.1'
to 5 air changes per how' Will be ,used. Natural .

ventilation between selected windows will be observed.
A ventilation model will be developed and tested
against experimental data. The results of this study will
be made available to the public through the Natipnal 4**

. Bureau of Standards and outside publicationssuchas
the American Society of Heatidt, Refrigerating and Air"-
Conditioning Engineers Journal. The technical data
developed under this program will be used in future -
energy conservation standards.

444

.411i

a.

, The poor are often expos d_tp extreme.tempera-
tures or are forced to spend la ge amounts of their
income foi energy. Since the c st of energy is signif-
icantly increasing, the Federal government has begun a -`

ogram,to hiAp these,people retrofit their homes.to
rectce energy consumption: . -4

The project is reviewing and evaluating the perfor '

man e of theSoth munitrServices Aclorninistration's
pfog am, providing technical 4sistance.vThere possible,
anal evaluating the effectivenes%a-various
weathenzation ,lechnique.s., Eyalqatio.n will 'consider
durability, cost, safety, user accep.tapce, energy savings,
and the best,,combinatiOns co)' weatherization techniques:),

6
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EFFECTS OF RESOURCE IMPACT
FACTORS'

Stephen F. Weber -301%921 -3701-
.. Technical Evaludtion and Application

Division

A

Sponsor: Energy Research and
Development Adminiitration

ENERGY ,CONSERVATION IN
BLENDEb7CEMENT-

Jameil ,Cliftdn -301 -921 -3407
Strikturis, Materiakand Safety Divf on .

..Sponsor: Energy-RereOrch:.(ind .

Dawelopment

Public Law 94-385, "The Energy Conservation
and Production Act," calls for the development,avd im-
plementation of performance standards for new

1' buildings to achieve the maximum.practicable
improvements in energy effigiency. The performance,
standards being developed at the Center are expected to
take energy prices into account. Resource Impact
Factors (RIF's) are being snggested as a means of
accosuntinor environmental, and
national-interest issues related to energy resources. This

- project addresses the question of Whether the energy
prices used in determining the standards should b'e -the
actual market prices or prices adjusted by RIF's. It is
conceivable that the use of*R1F's could lower the.
energy consumption allowed by, the standard by as
mucb as-40 percent. s4,

The Center has completed a report7Pc;*ied by
the Federal Energy Administration entitled,:q:kfffect-
of "Resource Impact.Factors "an Energy eonseii;ation
Standards ffir gs Under the current project '
sponsored bi the Energy Research and Development
Administration,-this report is being sent to a group of ,

over 80 'readers selected ffom industry, building stand -
ards, committees, Ad government. These-readers will be
asked for comments and suggestions to be incorporated-

. into a revised, more definitive version of the report, to
disseminate the research results,,an article summariAng,....
and extending this work is to be,published in Energy
and Building, anew interhatiendl jourrial-expected to
have wide readership among- architects, builders, stand-
ards andtcode bfficials, and all segments of the.building. _

communitrr -

.
.

,.- -.. At present, portland temenimanufacturers use
almost :1 percent of the energy consult-160in the United '
States. The replacement of,a portion of portland cement_

. by:a-suitable Waste product suchas-fly ash will result:1n , ,
a substantial energy.saVings:ancialso wilialleviate Waste t

. disposal problems. Electric utilities now prodace about
i 30 Million-tons:of fiy-ash arinitai*.;While blended
..! --cements have seemonlylimitedIteln:Ac- United-States,

.

their -value hat beey`cemtinitriedhymkteisiibzusell,
indeltrialized;_eotintries7,

this-project,th-eibeheihoi-of biended,"dementi,=
containing fly!.ash'-anf blatt;01a4001agr
comOieiLwitti-thOSe;OtportlaildiCeinenisfo,clevelOpre:.:_,
fotrOifshipsliettie-eni;t'bitIPOSittOTintiaroStructiike;.-and,
performanae:71te--eifect: of-the -replodenten't: materials.

-;:-bri.the:jdbait-agiterate .:teak,titinf.#.14

0.14-0*,-01013:e-4v,a1649:0-40:410v14P'4
basis
inakee; tetit--403Criteilia4his--***jiybe)ibi:i.ukhtte-

eattentigt e:cenetit,:indifitfy,and cementusers



-

through symposiat and workshops on blended ceinents.
Thg Center is also participating on tht American

. Society for Testing and Materialscommittees concerned
with Cements tgelild,Waste Materials (e38).

,Through this participation, CBT is playing an active role
in tfie estatilisliment of performance tests and criteria
for blended cements and for'broadened use or:vaste
materials in construction.

. I
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ENERGY CONSERVATION IN
COMMUNITIES,

John D .Ryan -301 -921 -3741,
Office of Housing and Building Technology

Sponsor: National Bureau of Standards

0

A u

MODULAR INtEGRATED UTILITY
SYSTEMS: SYSTEMS ANALYSIS

John b .Ryan -301 -921 3741
Office of Housing and Building Technology

Sponsor: Department of Housing and
Urban Development

q

e

MODULAR INTEGRATED UTILITY
SYSTEMS:.DEMONSTRATION

John-lir .Schaefien't301 -9211-3741.- t

Offce-of Housing and Bulging Technology

Sponsor: Ye
r

liteiit-of Housing' and-
evelopm'ent-

4/:

I

Communities offer unique opportunities for
energy conservation.lInteraction between buildings,
joint exChanges.of energy and services, areawide Man-
agement, and'econnmies of scale all hold out the hope
of future savings. Unfortunately, such symbiotic ,aspects
have not been explored thoroughly. This project exists
to fill that research void. Its general plan as first .to

.outline the community's unique energy conservation
potential as distinct from th'at of indiyidual buildings
or industrial processes. The product will be a complete
program, plan, with options, for the Center for Building
Technology and outside organizations concerned with
improved community servicet. During the planning
period, technical information exchange Will include
workshops and seminars as well as publications.

From the Center's standpoint, Modular Integrated
U9lity Systems (MIUS) is an experiment in total energy
management and conservation. As an experiment then
its operation needs to be continuously evaluated on a'
number of fronts. energy performance, economic perfor:
dance, plant reliability, and environmental impact.,Only
a good score in all these areas will promote the M1US
concept. In its support role, the Center will be ,
preparing a number of analytical reports. \

The 'data collected will be used as the basis for a '

comprehensive comparative evaluation of residefitial
total energy. This will include analysis of energy perfor-
mance, environmental economic performance and plant.
reliability. The evaluation will be based,on impact
analysis of Several alternatiye energy systems.

- The comparative systenis analysis will produce
montjily evaluations bated on site loads and also
aggregated evaluations, both actual and referenced to
"standard" : operations (i.e.; typical weather, ideal
component performance, etc.) The' economic analysis
will produce monthly cost data and alsd aggregated life-
cycle cost and profitability analyses. The environmental
analysis will include combustion and cooling towers,
emissions and noise impacts in a comparative .

framework.

This demonstratiOn is intended to actualize [lie
Modular Integrated Utility Systems (MIUS)- concept and

obtain sufficient-data to permit investors to appraise .

ifs cost- effectiveness arid.riski.";Iti key Objeotivesi-fe:'
the collection and analysis Of dati;on;thefinanciat per
fOrmanOe of-MIUS;: a, chi4nicle -and, evaltation of

impellitneniS to -the:iiIiilleinentatioh.Of
.MIUS; Collection- and ianalkkit-of data OI:ther.technical

elfci tin andetIMIUS.-ccn0a4tiiith-avaifableialterna,,

2, "
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MODULAR rNTEGRA.TEle UTILITY
SYSTEMS: TOTAL ENERGY SYSTE

""
C .Wa-rren Hurky -301-921 -3521
Office of Hausinrand Biiilding Technology

Department of ,Housing and
Urban EteOlopment

Sponsor:

a.

STANDARDS FOR SOI:ID WAStE
SAMPLING

David 1 41itchell .461.-921 -320
Building Envtionmenebivi,sion::"`

Sponsor.: National Burealt-of Standards

t -

:1.-..*2:e -

tives; analysis of site utility. demand characteristics; and
an analysis of the enyironmental effects of 141US
discharges.

',The approach is to c'bnstruct a MfUS
deMonstration facility in the new community at St.
Charles, Maryland starting in 19.77. It will provide
electric power, heating and cooling, doknestic hot water.,
wastewater processing, and solid waste management .
with energy recovery to approximately 700 dwelling
units and 18,580 square meters of commercial shopping
center and &her space, as well as a 8,360 square meter
school. CBT will evaluate the institutional impediments
to MILTS and design the measurement syitem, collect
and analyzike data, and evaluate M1US. .

A

The objective of this project is to measure the per-
formance of thelersey City Summit Plaza, Total Energy
System. The work involyes the operation, and mainte-
nance of a data- aquisition system. During the project,
some 300 system parameters will be monitored at
5-minute intervals by a data acquisition system. The
monitoring wills provide information about On-site
electrical and thermal loads (Heating, cooling, and hot
water),service.reliability, compoiient efficiency, and .

fuel consumption. The information is collected-on
compUter tape at the test facility and analyzed at the
Natienal Bureau of Statdards. Y. ,

I.

Energyrecovery from solid waste is a.promising
alternative and partiai.solution.to the solid waste- c'

'problem.'Before It can be- counted on, however, much
research is needed. This prOject g_p_aff-cif_that research.

lab'oratory test procedures,_
methods of measurement arid-samklingiectipiqUeS for
solid'Wastes (refuse), and determine ;fit ,resource ,

recoyerx.and:Calorifie,.heiting.vohies for iefUSI;4erkiell.
fuels.(RDF).'The'proJect's; first activiiies,-will:be the pre
piratiort-:Ofsomples:for4sts!A?s,

liktegtaticr

laijor#010.
sure .Y.liggif46"&tai"
incineration systems;

contmerciol=success,_



ADVANCED TECHNOLOGY MIX-
ENERGY SYSTEMS PROGRAM
TECHNICAL ADVISQRY SUPPORT

Clinton W .Phillips -3014-921 -37 I

Office of Housing anV Building echnology

. ,

Spousal: Energy Research and
Development Administration.

4 7

t

The Center is iirolling"technical assistance to
the Argonne National Laboratory's Program Planning
Committee and its technical sub- committees on the
Advanced Technology Mix-Energy Systems (ATMES)
Program. This program examines.the present need, the
available technology and recommends the needed ,'

'research' to the Energy Research and Development
Administration (ERDA). Emphasis is on'optimizing the
community characterization and community integrated
utility system.

NBS participatih in this project winelp
produce technical results that wilhbe iricorporNed into
ATM,ES/ERDA published- reports. For example; the
Center's work on the integrated utility system/simula-
tion program will be made available to the design Kofes,
sioh.

k
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SOLAR ENERGY RESEARCH FOR THE
DEPARTMENT OF HOUSING AND
-URBAN DEVELCTMENT

Robert D . Dikkers 2301 -921 -3285
Office of Housing and Building Technology

Sponsor: Department of Housing and
_Urban Development

SOLAR ENERGY STANDARDS

James E'. Hill -301 -921 -3512
Building Environment Division

Spot(sor: Energy Research and
Development` Administration

The Solar Heating and Cooling Demonstration
Act of 1974 (Public Law 93-409), and related Federal
legislation provides for the Department of Housing and
Urban Development (HUD), the Energy Research and
Development Administration (ERDA), and other
Federal agencies to design, develop, and demon'strate,i
solar heating and cooling applications in building's. TO
aid participating agencies and other interested groups, in
the conduct of the Federal solar energy program, a
National Plan for the Solar Heating and Cooling of _ -

Buildings Program, ERDA 76-6, has been prepared and
published by ERDA.

In brief, Public Law 93-409 and ER!DA 76-6
specify that HUD will use the research and technical
support of the National Bureau of Standards in its solar--
programs. For example, last year the Center developed
an interim document, Intermediate Mfninium 'Property
Standards for Solar Hwang and Domestic Hot Water
Systems, whichwhen finalized in 1977 will serve as a
companion to the Federallousing Administration
Minimum Property Standards, the basis foT mortgage
insurance under a number of HUD housing programs.

Other activities under this project include: (1)
developing plans to define technical data needed to
evaluate system performance! (2) establishing a data

.,center for the storage, processing and dissemination of
techniCal ancinon-technical non-instrumentation data;
(3) monitoring and evaluating data obtained from solar,
residential demonstration projects; and (4) preparing
improved performance criteria for solar equipment and
dwellings.

The goal of this project is to participate in the
development of new'standards associated with solat
heating and cooling systems and components and to
apply the results of the Center's solar_energy research in
an effectiveway. During the past fiscal year, a Center
for Building Technology staff menlrer participated on
two separate committees of the Arnyeriqan Society of
HeatirigrRefrigeratirig'and Air-Conditioning Engineers,
which drafted standards for testing and rating solar
collectors, and thermal storage devices, respectively.
Two draft standaids were completed in Junet976 'and
were submitted to the Society membership jot Vote. A
seconstmember, served as,:t7fiairman of,,th'e*Inericag;
SocietYlor Testing and Materials Subcommittee .

'E21:10,"Solar,Energy Utilization," which Was
organized to identify and draft standards. Alist of high-
priority standards was completed andwork began on
the-drafting.Of several of them in the areas -of dtirability
ind reliability.

c



TEST METHODS FOR SOLAR
COMPONENTS -

James E Hill -301 -921 -3512
ituilding.-Entironment Division

Sponsor: . Energy Besearch'and
Development Administration

TESTING OF RETROFITTED SOLAR
f,T, HEATING, VENTILATING, AND AIR.

CONDITIONING SYSTEM

, James E .Hill -301 421 -3512
Building Environment Division.

Sponsor: Energy Resedrch and
'Development Administration

N0

4

Under this project, the Center is designing,
dbyeloping, and publishing the test methOds that will be
used on solar collectors and thermal storage devices.
The test methods specify, the apparatus, instrumenta-
tion, and detailed procedures for each-device. For each
type of product, the-CNer constructed the test

- equipment and is continuing to determinehow it thiglit
4 be improved. Such.test procedures .are needed to

compare. the perfofniance of solar components on a
,coMmon and equitable_basis, as is done with fuel-
burning_equipment, air conditioners, and heat pumps.
Standard test procedures will not ork makes possible a.
basis for selecting products, but will provide a basis for
the next generation of design.

Based on Center test methods, the American
Society of Heating, Refrigerating, andAir-Conditiming
Engineers (ASHRAE) versions of the. tests were
approved-by the 30,000 nrenfbers of the Society as
ASHRAgStanclardi 93-7.7 and 94-7.7.

4A so,iipeating and cooling system has been
designed and installed in a four-bedroom 'house on the
National Bureau of Standards grounds. This project
involves the operation, data acquisition,4and evaluation
of the solar energy system! Measured:data-will be
compared with predicted data for several operation

'modes to Vetermirre the adequacy_ of the analytical
modelsqopredict,fossil.fuel savings. The solar system
consists of flat-plate,eollectors with water/ethylene
glycol as the transfer fluid, water storage; and .an
absorption air conditioner within the existing forced-air
system of the house: Thi-approach is to evaluate the
system,diiring typical summer and winter operation and
compare it with predicifed per/ormance.

During this4ear ;the first year's 'test data and
operating experience are being published. The publica-
tion will include comparison of measured and predicted
rest ilk. as well as a -comparison with test data taken

_previously when the-house wasequip7Ped with
conlieVional eqiiipment::'Further experimentation will
be done with a modified system (neWAlat dollectot
panels added)to,examine alttrnate opetatint and

7 p control strategies-that,:inininiiii fhe;.useitauXiliary
'\, energy.,

4fiop.

;Av.

GSA'YMK,NtHEgTEROLAII:, /EVALUATION

James-E.-Hilts-301 = 921 -3312
Building pivision

4011Stir; :Energy, Res-ea:reit. and
":;DeVe4opnknt Autinin istiatton

A, federal office buildingviassdesigned and
-,=:constructedin Manchester,'; New-Hampshire promide.

"bOrtatOn:fer thOnstlillatii0 Of-fireithletegriiizedzand
inn vatNe',enetgt ebntervatitk ichnolOgieS.

=111:-t'OstrActiOrotthe-buitdhig*asconileteir-
in'Sep seven koors tall, %,./ithi-a two'
level .04rIt'hig;garage,49qated,On.a site,oft-
abotit ni?-00,000:ft?5:1q ,d0rItown Manchester..

; .
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.COMMERCIAL SOLAR* ENERGY
. DEMONSTRATION

,,-Robert D .Dikkers -301 2.1 -3285
Office of Housini and ilding:Tech.nalogy

Sponsor:

34sft

ks,

Energy Research and
Development Administration

INTERNATIONAL. COOPERATION ON.
SOLAR ENERGY . .

Elmer R .Stre;c1 -301 -921:3503'
Building, Environment Division

_Sponsor: -LEnergy Research and
-Dpielopment Administration' '

0 0

otlr separanc,airays at solar collectors are mounted on
throOf of th uilding. They will be used to heat-water

ylene.slycol -solution; the energy will be
lementlhe-bonxentional energy sources in

eating, Co3ling, and hot water.
an for this project is to initially test at least
a1 panel in each of the four arrays to
what extent the collector performance.

faeetsor exce9ds the requirements in the original
pu o se'spe&ficationF011owing this, performance data.
will be tber# on theeentire collector array over at
least two heating and two cooling seasons to determine.

- the- Contrilption2Made by the solar subsystem in
reducant requimments for fossil fuels.

a
.

4
pude'r this project, aiiverdisciplinary team of

Centerpersonl is participating in .the, preparation of
drakstandarlis'and'performance criteria and in the
evaluation of commercial applications of solar, heating
and cooling. As au overall approach toTttre use of solar
heain&and.cooling:tit eovefs many areas: comparisons
of aettill,witfi medicted solar system and .component
therMal performance; the evaluation of oj5erational
problems (accidents,eequipnent failures, substandard. -
perform-ate); the examination of institutional
constraints (cods-prpblems); developnient,:of improved
peiformanci criteria fOr solarostems and.commerciali,
bUildings;,PreparatiOn'of plans to develop and-
implement standards; and the review and monitoring of

-tests and:.6valuations of solat equiPiften't._ .
a' .4"

or a wate'
usedsto su

'v building
TV

one hid/iv
dbtermAt

oe

t .c'Ct ti tri es oftlie.world ate investigating the
ppm se of solar energy. But all this activity, in a-
relatively 'few field, could lead4o,confusion and
*duplication:utilets,internationalstandatds ard.developsd
for termithilogy;.ieStiitg,oateriais, and performanoe
This project deals with the exchanie'of
'nation and.the joint condiiclOf the Allowing three,
subprojects: (1) investigation ofsolar heating and
cooling systemy(2) coordinatiorv:of 'research and
opment on-sOlk`beating,:anCOoling.compOneniC
(1),perfotv,ance testirtior

7
O
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TECHNIQUES FOR.ECONOMIC
EVALUATION

Hareld,E . Marshall -30r-921 -37D1
Technical Evaluation andApplicatioll
Division'

Sponsor: National Bureau of Standards

UNIFORM LIFE1CYCLE STS

Rosalie T. Ruegg -301 -921:370
jectnical 4aluation and ApplicationN
Division d ,

Sponsor National Bureau of Standards-
.

ECONOMICS IN ENERGY STANDARDS

Stephen R . Petersen -3611921-'-3701
t--Tichnical Evaluation and Application

Division

Sponsor: Energy Researchlind
Developnient dminist

.. Th6egoal of this-proXcv4 to develdp, refine;and .,
*.

-apply some of the them/ids-and methods of benefit cost .'
analysis, risk- benefit analysis, and life-cychle costing to
building evaluations, and to make this inthrmation
available to the building community. To reach the goal,
improved analysis techniques will be Applied in the
areas of energy conservtion in buildings, _evaluations of
building codes, and in ether high - interest areas. Results
will be published in media that will have imActon the
building community. Last year, the project published._ ,

....._
-eight articles.in economics and building journals: .- .,

, completed three major reports add lectures; published -
seven papers in the proceedings of the Purdue .

University Conference on Heating, Ventilating, and Air-,
Conditioning Equipment anth RComnents for Buildings; .

and conducted a Federal Workshop on Building
Economics. Similar ,work will result from this year's
work on the-economics of solar-heating and- qmling,

. building codes, reducedsized venting, and energy conser-
vation. ., ' $ -

4.,,,;4

.. .

A recent Government Accounting Office, report
to Congress virtually demanded-the use of Life-Ccle
Costing (LCC) in the evaluation of all Federal projects.
The Center for Building Technology is taking the lead
in-the development of LCC methods and their applica-
tion to buildings. The LCC concept is the only thorough
and reliable way to make rational decisions about

. acquiring new space: -Is leasing,-censtrtiCtion, or.
renovation the best method? Further, as s-a-result of the
energy crisis, the need weep a life-cycle approach that
takes into account energy use as well as firstcosts is
particularly urgent. Project results will beliade
available to Federal agencies, building :researchers, and
other interested parties. The lesearchers,will also
participate in workshops', briefings, seminars, and profes-
sional meetings. -

ThisROject-will provide analytical support to the
t building energy pert"Ormradc,eiiiidards 'program (see --.,-
-EnergYCOnservatiou
framework develepmOritthuilding;..bonstruction cost-
data;and'iife-cyclecost arialisis of energy- related
bagding operatiOnS. The teetinicaTCh4llente-is tc;
prOvide a,sfraightfOrwara`Metplp_loefotite in
optimizing neiai building designs forenergy_couservation
at a functiOn of Clilt0e, fuel,cpits,-.andbt)rer variables

'-that 'Can .hifltience:biiiidint energy'..Use,:logetiret with
.,ttle Cost data-arid' enerkiavingt data, ji--,treat, Beat -of

design.}gformation is; being m ad e :ay apableAo help
minirhize potentiatlife,40e tiu coltstiritte deSigir

.
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THE ECONOMICS OF WINDOVV
DESIGN

Rbsalie T,Ruegg -301 -921 -3701
Technical Evaluation and Appycatian
Diviiion

Sponsor: National Bureau of Standards

.

THE COSTS OF-RECYCL1NO
BUILDINGS,

Stephen F. Weber -301 -921 :3.701
Technical Evaluation and Application
D 'Won,

The capital and maintenance costs of as
well as their psychological benefits and costs, are
important to.the overall efficiency of 9indow selection.
This economic analysis of windows will provide a more
complete approach to the optimal selection of windows.
Eco-nomists from the Center will develop a life-cycle
cost model for analyzing alternative window chafacter-

,...,.
istics, in a Wen applicatiOn, i,n terms of the combined
net effect of thermal, construe/km, and Maintenance
costs. Using thermal data de'velopeChy the Center's-
Thermal Engineering Systems Section; and costs Of alter-
native window characteristics described by the Center's.
Architecturl Research. Section, the life-cycle cost

t model will be exercised for seleted window applica,'
tioiis. Measures of psychologicarbenetts and costs ir
identified b,y the Center'S'Sensory Edvironthent Section
will also be related to the,life-cycle costs. -

Sponsor: National Bureau of'S'andards .

4 .

ECONOMIC ANALYSIS OF LEAD-
PAINT ABATEMENT tECHNIQUES

Robert E.Chapman -301 -921 -3701
Technical Evaluation and Appliciiiion
Division

Sponsor' Department of Housing and4'
Urban Deyelopinent

.Millions of dollars are spent by builders each year
to demolish existing buildings andto replace them with
new buildings. Millionsofdol,lars also are spent by
municipal governments to upgradeipublic utilities and
services to meet the changed.demands brought about by
new construction. Large 'costs in terms of traffic delays,
congestion, and disruption of commerce result from.,

'new construction_ in areas of highland use.
The question is: Is alljhis necessary? To answer

that, the Center will identify and suggest ways of
measuring the life-cycle cost impacts of recycling aud-
new construction on'communities: and prepare a report
for use by'others facing such a decision. 'Further, the
impacthwill be developed for'three level-kof recycling --
making additions, interior gutting, andwomponent re-
placements with cosmetic improvements -- for
estimating the dollar costs of resource eipenditure. In a

,recent Natiblial Symposium foi the-Building
Community, recycling was termed "the wave of the

-future;''and the need for life-cycle information to guide
members of,the building community was deemed
critical. ,

It is urgent that the question be addressed now
because the scarcity of capital funds;fuel, and building
materials is causing, communities increasingly to:seek
meant of economizing-in thg,p.r9VitIon of public
services.

r

v

Lead paint abatement techniques differ not only
in their efficitncj aVremoving the hazard froth the envir-

ut
1-r), 4-*' onment, b also in

ak,
their in,stallation and 'maintenance

costs. Thus, the choice of abatement technique.is
neither, readily-apparent noreasily Cletefmined, sThi 4.0.<

study will help tht tirbgn planner make,the chpice ;f-
amoiig abatement techniques-for a givers set of
constraints (e.g., -Surface type, substrate conctition,.or

'occupancy status) by providing an analysis4cotts'and
-I

25
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ECONOMIC BENEFITS OF LEAD
PAINT ABATEMENT

Jose-pkq .Kowalski -302 -921 -3701
Technical Evaluation and Application
Division

Sponsor,.,.1 Department of Housing and
Urban Development

air

9

.
by relating those costs to the performance levels of alter-

. .native techniques. The project results so far were
published as "Economic Analysis of Experimental Lead
Paint Abatement.Methods: haat" which analyzes the
key factors in the determination of cost based'on
empirical cost-data and a method for identifying and'
measuring variations in a abatement method cyst, An
article, "Lead Paint Poisoning: A Cleser. Look at the
Costs," which describes the cast procedure, recently -7, ,

appeared in The Journal of Housing .

lv

Mandatory abatement of the lead paint hazard
would conceivably cost over $20 billion. But the repair .

and remodeling industry's gross output in 1915 was pnly
$25 billion. Thus lead paint abatement could have an ,
enormous impact on this important sector of the_
housing industry.'HoOever, lead paint abateftrent
investmedts could be associated with benefits well in
excess of their costs, or benefit levels could be so low as
to justify investntents:19,001 procedures,..are .

developed lia can Se6;setr fOr measuring benefits, the
optiMal level "a2ittarment reniains unknown. This
projectwill gather data on the causes and consequences
df ele'ated- lead levels in the blood. Second, a model
-relating the benefits acid 'costs of lead pain't abatement -

will be developed. Third, estimates oithe benehts.nd
costs oflead paint abatement will be, Made for a
representative focal housing submarket in order to test
the model and to determine the range of confidence
,thatcan be placed around .benefit estimates-Finally,
economists will identify additional research required to
'narrow the range of the-benefit estimates.

o
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THERMAL MEASUREMENT
TECHNOLOGY

Chock 1.Siu -301 -921 -3503
Building Environment Division

Sponsors. National Bureau' of Standards,
Department of Housing and

Urban Development'

.
ATTIC YE-NiILATION STUDIES.
Chock 1. Siu -301 -921 -3503
Building Environment Division

E

A

National Bureau of Standards

SI

Three areas of thermal engineering measurement
are being pursued in this project. The first is a new and
improved guarded- hot -plate apparatus for use as an
absolute method of measuring the thermal conductivity
of insulation and building materials. This apparatus is to
replace the presenj apparatus (circa 1937) now
approved by the American Society for Testing and
Materials Standard. The second area of research is that
of thernIal comfort measurement..Here the emphasis
has been on the scanning radiometer as a measuring
device. The third area is air infiltration measurements,
an area where the center is contributing to the.
developing and testing of both the infiltrometer (sulfur
hexafluoride as a'tracer) and the permeameter. The
technical data developed under this project will be
incorporated into standards for thermal conductivity
measurements and for air infiltration measurements.
Resultsare made available through the Center's publica-
tions and 'those of the American Society of Heating,
Refrigerating and Air-Conditioning Engineers. A
symposium on the development-of thermal comfort data
will present the project's outcome to the public.

4

Although it has been conimonly.ccepted that
attic temperature during hot summer days can(be sigaif--
icanVeduced by attic fan.i:their effectivebest as an
energy conservation measure 'has-been questioned. This
_project exists to answer that question. Its test bed will
be an instrumented house at Twin Rivers, New Jersey.
To be measured during the tests- are the energy cop-
sumption for cooling, airflow through the attic, air
leakage in the room below (with andiwithout fan), --
outdoor temperaturrilinialtY, solar radiation, and
wind speed anti direction. Temperatlires at fout or more
different'locations will be-measured at several levels. -
Heat flux meters wilibe used to measure the ceiling
heat flow under fan-off apd fan-on conditions.
Separately,in thetas; of k-conditioning.ducts in the
attic space, diV airflow and the temperature rise in thej
duct will be is,easured to assess the heat-gain into the -

sUppplitd return air streams. The-ouip'ut of thi. study
publizhed by the :Nationtl Bureau ofStandards,

an-excerpt of which alsp be Puthishedin the
-,_AmericanSociety of Heating, Refrigerating, and
4Conditioning ingineektraniactiOis,ilii data
developed,s iilI snip t-huildin" ergSrpeiformance

, _

-



THE LATENT COOLING
PERFORMANCE OF A FAN- COIL UNIT

James Kao -301 -921 -3521
Building' Environment Division

S ponsor l'ri -Serlices Committee of the
'Departmeitt of Defense

AfR FORCE ENERGY CONSERVATION
HANDBOOK.

Douglas M . Burch -301 -921-3512
Building Environment Divisioh

.
Sponsor: United State Air Force

GROIND FLOOR HEATOSS
<-

Douglas M . Burch -301 -921 -3512
Building Envirtitiment Division

. .

National Bureau oPStandards

O

In many military dormi
units, space Zooling, is provi
low latent load capacity. W

.S.

es and family housing
-coil units having

its are used in
Gulf Coast regions having hig or dew point tem-
peratures (averaging 21, to 24° C (70 to 75° F)J, insuffi-
cient moisture is removed from the indoor air. Air
infiltration procegses continually introduce moisture-
laden outdoor air into the building. The result is that
condensation forms on cold indoor surfaces whenever
the fan-coil unit operates. The moisture then leads to
mildew, fungus growth, and moiiture-damage.

Indoor summer condensation prOblems-can be
remedied by modifying certain operating parameters of
the fan-coil units to increase their latent load capacities.
However, information provided by fan-coil unit
manufacturers is not'sufficient to perform these
modifications.

The experimental plan is to instrument a fan-coil
unit in a room-sized environmental chamber. The envir-
onmental chamber .could simulate various indoor
conditions when the fan-coil Unit Was operated under
steady-state conditions. Certain operating parameters of
the fan-coil unit such as chilled water temperature,
Chilled water flow rate, and airflow rate across the coil
would be varied, and the effect of these operating pa-
rameters qn the latent load capacity of the fad:coil unit
would be investigated.

_ `TO.reduce spiraling: energy cos. the Air Force
needs an energy conservation program that can be
easily applied to utility systems and buildings on its
many bases. To help them with such a progiam, the
Center-is developing a 2-vblume handbook specifically
for Airy Force needs and energy problems. It will cover

2djustments to central heating plants. distribution
systems, and building equipment Other areas include
power factors, waste heat recovery, lighting, hot water
heating and cooling. Volume I will be targeted for base-
level managers and will contain management guidelines
on energy conservation. Volume II will be targeted for
base-level engineers awl technical personnel and will.
contain detailed technical material and advice on
energy conservation. -

Ground floor heat loss is thought to represent a
small fraction of the totarheat loss of a home. And yet
_what we now know about this phenomenon is based on
a very small amount of research. To reduce our
uncertainty about this heat loss - in an age that has
becOrne suddenly energy conscious - this project will be
an analytical investigation Of heat loss characteristics

422



r-

C-

3

^ It
- TIIERMAL ASPECTS OF WINDOWS

Tamami Kusuda -301 -921 -3501
Building Environinent Division

_Sponsor. National Bureau of Standards

HEAT TRANSFER IN THERMAL _

ENERGY STORAGE

tradley A .Peavy -301 -921 -3503
Building Environment Division

Sponsor:. National Bureau of Standards

aro

I

-PERFORMANO.OF INSOLATED-
-BUIL-PING ELEMENTS

° ,Chock.T.Sitt -301 - 921 -3503
Building iitvIrenstitetit

_ - I

- 7

-SpdniOr: National Bureau= o Bards

from below-grade ba'sements and slabs-on-grade using a
mathematical simulation and a-finite-difference-solution
technique. Design heat-loss factors will be determined
for a range of earth conductivities, different amounts
and positions of edge insulatidn, and floordimensions.

The ,approach to thermal-related aspects of
windows is to relate artificial lighting 4nd energy require-
ments to the solar thermal and daylight characteristics
of selected window types. Data compatible with the
Bureau's Load Determination program will- be gathered.
These will permit researcheive-determine the effect of
any window type on the toial energy consumption of
any building. Last year, extensive calculations were
madelo analyze net energy transfer through windows of
different sizes and designs. The calculations included
the daylight trade-off, fenestration management (control
of shading and insulation), end:nighttime thermostat
setback. This year. the project will prepare thermal
guidelines for architects aid will participate in, a Federal
workshop on window r earch.

J

The storage Of heat Ior later use is an important
factor in lowering the Nation's energy aeiendence. To
this end, analytical models will be needed to study the
thermal performance of such thermal 'storage devices as
air-rock and water -sand: In addition, studies need to be.
undertaken to understand the potential forcusing these
devices undergrOund in large earth misses. To date. a
scale model of a wet-sand system h een bilift; its
actnal thermal storage capacity is ng used to fine- .

tune -the theoreticaLmodel. Similafr wor is underway
with anaii-rock system. Preliminary results of the work
are being published in Solar Energy, 1076 and the .
research results will beUsed in the updating of
Amelican Society for Heating, Refrigerating and Air-
Conditioning-Engineers Standard:9447, "Methods-of
Testing Thernial Storage DeviCes.
Performance."

ir

Under this projectCBT will.devecZana
construct a faboratory,:aPparattis for.4tudying the heat-
transfer piVperties,Of.largeliarti ofbuildings, (wall, roof;.

-telling, flokr;-and COinliiilatiolis) under static:or
dynarnic:e0ironmenta cOntlitiOnS..The project is:being
undertalie-for-two ireasonglO.providesliasesJOr,
nationally accepted- standarrfiesi_MethOds-and to` '
proVideAellabIe:data...on4iiS:Tartien;laparealotheat,
transfer:- -

^=tr--



AIR,.INFILTRATION IN REACTOR
CONTROL ROOMS

Charles M :Hunt ,-301 -921 -3512
Building Environment Division

Sporisor Nuclear Regulatory Commission

PARTICIPATION IN THE AMERICAN
SOCIETY FOR TESTING AND
MATERIALS COMMITTEE C16.
"THERMAL INSULATION"

Frank .1 .Powell -301 -921 -3637
'Building Environment Division

4.

Sponsor: National Bureau of Standards

This project will measure the air leakage of
atomic power plant control rooms by the use of sulfur
hexafluoride (SF6) tracer gas. At present, there is no es-
tablished procedure for measuring the, air leakage into a
control room operating in the emergerfey mode -- shut
off from its surroundings. However, CBT has developed
a SF6 tracer gas technique, which is well suited to this
task."The rate-of dilution of SF6 (in parts-per-billion) is
used to estimate the air infiltration rate. Control rooms
at Beaver Valley, Pennsylvania, and Brown's Ferry,
Alabama, have been visited and specific measurements
and sampling 6roblems.identified. Leakage rate measure-
ments were made at Beaver Valley'and a letter report
was sent to the Nuclear Regulatory CommN.ission. Small-
scale tests* possible loss of tracer by absorption on
concrete or plaster also were made prior to full-scale
tests in a,control room The full scale study of,Brown's
Ferry will begin this year.

Under the project, C BT participAtes in the work
of the Am&tican Society for Testing and Materials/
(ASTM) Committee C16, "Thermal Insulation," to
assist them in the development of consensus standards
on the characteristics and performance of thermal "insu-
lation. Also, there ii.some controversy concerning
ASTM methods for,testing thermal performance 'of insu-
lation. It is the responsibility ofCBT to assist in the
resolution bf these measurement discrepancies and to
take the initiative in developing new test methods that
determine thermal performance more accurately.
Special emphasis is givep to broadcasting.the results of
CBT research through their incorporation in standards.

31
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OIL BURNER ENERGY
CONSERVATION'

George E . Kelly -301 -921 -3521'
Building Environment Division

Sponsor: Federdl Energy Administration.

L

e

ENERGY USAGE IN HOUSEHOLD
= APPLIANCES

Richard A .Grot -301 -921 -3293
Building_ Environment DiVision

Sponsor: Federal Energy Administration

APPLIANCE ENERGY LABELING

George Ej!KellY -301 -921 -3521
Building Environment'Division 4

Sponsoi-: Federal Energy Administration

k

\

p

CBT research has found that significant energy
and dollar savinzs are possible through oil burner
modifications. In field work involving 429 oil burner's, it
was determined that tuneups'improves1 average steady-
state efficiency from 74.2.to 76.1 percent. This
translates to a seasonal fuel savings of about 3 percent.

,,,,,Moreover, virtually all the units were found to be
oversized in relation to design heating requirements.
Other simple retrofitting changes have been found, to

have fuel savings ranging from 8'to 2t percent. A
homeowner's'§rochure and a serviceman's guide-to
reducing the nozzle size b n oversized units have been
written and are now being published. Tlie Center will
soon continue this work with evaluationR
installation. of sealed combustion systeiriS;,stack
dampers, flue restrictors, heat reclaimeritand blue -

flame burners.eThis will involve a field study to evaluate
the pre-retrofit performance of a number of heating
systeibs, the installation of one or more retrofit options,
and'a reevaluation of the oil burner's performance.

This project will gather actual perforhance data
orithe energy usage of major liousehold..appliances in a
series of six townhouses at Twin Riveri,'.Ney Jersey.
The data - logging and computer equipment is now ,

'Installed and its output will be compiled into a report
on winter seasonal perrormanceAnd summer seasonal
performance.. Overall, the output of the project will be a
reliable data base to beused in standardized appliance
testing.to support the energy labeling program.

.

Over the, years, certain consumer products have
beaOme known as "energy hogs:7 Moreover, critical in-
formation on energy consumption has been denied to
buyersbecaUte there was no way-of evaluating the _

'operational and energy costs of such appliances. Today,
however, the Center is developing laboratory tests,
computerinodels, and calculation procedures to predict
the dynamic and seasonal performance of furnaces, hot --

water boilers, central-air,c,ohditioneri, arid heat pumps.
Close contact is keing.inaintained. with yarious

' ,inanufacturers and standards writing organizations to
ensure the accuracy, fairness, and9acteptability; .of these
standards By such: interaction; it4khoped_thati:the
recommended procedures,Wiil be -readily,. addicited' as
consensiis:standardS"by such iorganizatiOns as the-
AmetieattNati6fial:StandardspStitute. Air-C6ridition7
and:RifrAeratianzInstitute; Antericaft:,SO,Ciety- Of
Heating, Retrigefalini, and Air4Cobilitioiting- Engirieers;
and.AniirieanVai-Xisociitioni-Ihe draft test and
calculation procedures,will,,,I3eg*en;',to;the FederiF
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PART- LOAD HEATING,
VENTILATING, AND AIR- '
CONDITIONING EQUIPMENT (LARGE
BOILERS)

Josiph Chi -3,01 -921 -3521
Building Environment Division

Sponsor: National Bureau of Standards

EVALUATION OF THE STIRLING
ENGINE

David A . Didion -301 -921 -244
Building Environment-Division

Sponsor 4s:_, National Bureau of Standards

*b.

4)

Energy AdministratiOn, which is required by law to
publish test procedures for manufacturers to Ilse in
labeling their products. Then, the Federal Trade
Commission will decide upon the type of label to be
placed on each product.

.
This project is developing test methods in support

of consensus standards for part-load performance and
rating of building heating and cooling equipment,
particularly for industrial boilers. At present, equipment
performance ratings are based on steady-state test
methods. This has led to a continuing dispute on their
actual field performance. Ultimately, laboratory

:methods that more closely simulate field performance
will'be necessary if manufacturers are to accurately rate
theilequipnient under part-load operation. Part-load
ratings will in turn alloul, designers to use the most
energy effective equipment and to design more efficient
systems.

Last year, laboratory studies were performed on
the dynamic performance of a nonmodulating gas-fired
boiler. A test rig was constructed for furnaces and part-
load performance testing of a gas-fired furnace and an
oil-fired;furnace began in the laboratory. A
mathematical model was developed; to predict the part
load and seasonal performance of nonmodulating
boilers.1%ring this year, the Center will complete the
process of generalizing its boiler model to large '.
commercial and industrial boilers and compare-
predicted performance with experimental results
available on total energy boilers. The results of this
work will be published and presented to the American
Boiler Manufacturers Association for their use.

. The performance of the Stirling engine to date
has been solely measured by its,manufaeturerand was

. generally °denied (oward transpitation,-applications.
Therefore, a laboratory evaluation of-a prototype engine ......

-(10 horsepower) is underway in this project to,verify'
claims under total energy- application conditions..

' Conelusioni-from this' laboratory evaluation will'be used
to verify or modify,manufacturees'perforrnanee claiMs
for thelarger totiVenergi.engines:

A -
The- 10- horsepower-Stirling engine has already

been setup iorthe,laboratory.aitd,iimitA.the data
collected. In addition, a,fipt-cUt at mieFematiCally
rilOielling'therierseY CitifOial-Energy.site(With:its,
djesel.generator'seti)--,'his- been completed. The: analysis
cff both,theie,ifforte'.dilOhe 'report*Writing,ternains.

.

The liprirt:an-d:,ccinbrogOiii%vi rwardedIPthOse
industry--and'Government gro ps with
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COMPUTER CONTROL 9F HEATING,
VENTILATING, AND AIR-

David,A,. Didion - 30F;921 -2994,
Building Enyironment,'Division

Sponsor: National Bureau-of- Standards

3,

1 i

Total Energy and Stirlinkengine system,s: the
Department of Housing and Urban Development,.the .
Energy Research ariciDeyejopment Administration, the
Department of Defense, P Nips Corporation, General
Electric, the ATerican Gas Association, and selected

.designA
- Early on, the National B

(NBS) realized that its owitts,ca
numerous buildings an4.1aliorator
was a national laboratory for deve

reau of Standards
us -- including °

of various sizes --
oping energy conserz

vation techniques =--especially those that promise
savings to large government and industrial. consumers,--
Earlier Center programs have already accounted for a
nearly 20 percent savings in fuel consumption. Under
this project, a central computercontrol facility is being
installed-to save a further 20 percent in one test
building. The computer will allow a closely time- -

phrasedphrased control and shutdown of all external air during
hours,when the, building is not occupied (for a savings
of 28 percent); will give enthalpy control of all external
air (for a 12 percent savints; and off-coil temperature
re-set (15 percent). Eventually, these,techniqtles wil be:,r
applied to all the NBS buildings in Gaithersburg as yell
as other Federal buildings nationwide. .

4
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TECHNOLOGY OF WATER
CONSERVATION

Mary Jane Orloski -301 -927 -3293
*Building Environment Division

Sponsor: National Bureau of Standards
4

PLUMBING SYSTEMS DESIGN
CRITERIA s.

Paul A . Kopttka_ ;301 -921 .4293
Btfi4ding Environment Divisidn

Sponsor: National Bureau of Standards

Many answers' have been suggested for,' the
"problem of water shortages. TwoUrequently mentioned
are (1) matching the supply water 'quality to the'usage
with a dual-pipe supply system, and (2) technological
innovation. such as reducd 1 -flow. systems and fixtures.
However, before such techniques can be depended
upon, a rigorous testing program must be undertaken to
evaluate'the claims of the new systems and their impact

,won the users. For example, a recently marketed
reducethflow toilet had to be flushed twice for hygenic
reasoas, thereby doubling its wateransumption. This
project, then, will undertake a number of tasks:.
establish an evaluation matrix for immediate application
to the wide variety of water and energy conserving
Systems and fixtures; prepare performance evaluation
,teitingprocedures-foet lasses of devices; conduct
selected testing of water-economy measures; determine
base-line demand fritnnfield studies in instrumented
dwellings; and prepare laboratory siniulations of usage
patterns. The results of the work will be made available

',to manufacturers andcode groups alike, as Well as to
conservation organizations. and the utilities.

.4

This project is the core activity studying the total
water supply distribution and wastewater drainage-for,
bujldings. It aims it providing the technical baiis for the
AmeriCan National Standards Institute,A40.
Performance -Based "National Plumbing Code.V The

. economic cost benefits derived from laboratory
reduced-Size vent findings are being accepted,in the
building,community; model code a0endments Nave
been drafted based.upon CBT recOmmendations. The A

validity of a new 'numbing vent performance standard <

that protectsAhe-pUblic is now being denaostrated in
the field: The 40-year-oldHunter Water-Demand'
Design Curves are Also being updated;These and other
activiti'e's are continuing, with special emphasis this year
on storm drainagescriteria. The outcome ofihis

,research.are reports . that cOnstitute.a majcir;iourceof
plumbing data foi national indinternational 'groups.
Presentations of technical'findingsare.Mide at wide,
variety, of Meetings, andstolhe American, Society of.
Plumbing Engineers, American'Society,of-Sanitary'

4 Engineering,;the 'NationalConterence :of Stale's:on
Building -Codes and-Standardif Fed0al.Woikshops, and

< Federal Ageney planning gran s.

1'30
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PARTICIPATION ON THE AMERICAN
NATIONAL STANDARDS INSTITUTE
STANDARD ,A40, " THE NATIONAL
PLUMBING CODE"

Lawrence S .GaloWin -301 -92T-3293
Building Environment DivIsibn

Sponsor: National Buredu of Standards

LIQUID WASTE MANAGEMENT
RESEARCH,

Richard A .Symuleski -301 -921 -3293
Building Environment' Division

Sporisor: National Bureau of Standards

CRITERIA FOR WATER SERVICES

' Richard A .Sy0ulc,ski 3d1 -921 -3293
Building Environment Division

-

Sponsor: National Bureau- of Standards

-4

at

J

ift

The American National Standards Institute
(ANSI Standard A40, "National Plumbing Code," was
last revised in 1955 apd is in serious need pf upgrading.
The Center for Building Technology (ClitT) _

participation on this standards committee is an
opportunity for CBT to be influential-in the language
adopteil in the Lode, particularly a§ related to the perfor-
mance 'approach. The impacof the ne,w,c-Ode will fall.
directly upon the financial interests for developers,
builders, and users of residential, commercial, and
industrial buildings. The interactions with other water
supply and drainage engineers, inspectors, designers,
anthcontractors provide special-situations for direct
.exchange of needs and for problems to be investigated
in laboratory projects.

Water quality problems have in some areas
brought a complete halt to building. At present, the
building industry has a need for a longer look at the
problems and solutions of wastewater treatment. The
project will survey all liquid-waste disposal. methods and
will develop a series of manuals and guidelines.
Together, these sources will constitute an information
base that thedeveloper, municipal official, planner, and
-general public ails can use iii.determining the alterna-
tives available in providing new housing with environ-
mentally sound wastewater management plans.

.N
The Nationalttanitation Foundation has, recently

formed a committee to develop information about '
suspected contamination of water fram`polyvinil
chloride piping materials. Current CBT activity in the
Modularintegrated Utility Systems demonstration has'.
idebtified the need to determine-tfie measurement te-oh-
nology and quality criteria necessary for nonpotable
water reuse. The problems of known contaminants of
organic, inorganic, and biological content entering
water supplies from fixtures and piping materials (e.g.
heavy metals, leachates from plastics, lead from joints
nd'packing) require precise measurement. This pioject

is a first attempt to evaluate the quality of such water at
thetap. It will determine required levels oLprecision
and statistical validity of measurements to satisfy.
prescribed water quality criteria, evalUate 'gas
chromatography as a measurement technology, and
recommend possible strategies for automation of .

evaluated test methods for laboratory and fieldapplica7;
tiOns. This project produced the paPerl'An Evaluation
of the Applicability of PyrolySii:.Gas-Liquid'
Chromatography for the Identification,of
Microqrganisnis in-Water ind'Sewage Treatment Plant.
Effluents," which ikas,iiressented-atgle Third National,
Conferenceoii-CoMplete Witer:Ral*.

4,4
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WINDOW RESEARCH: DESIGN

Belinda Lowenhaupt Collins -301-921 -
2177
Technical Evaluation and Application

Sponsor: National Bureau of Standards

. ENVIRONMENTAL SIMULATOR
4

Robert A .Glass -301 -921 -2177
TechnicaLEvaluation and Application
Division

Sponsbr: Energy Research and
Development Administration

:"ke-

4,44C
NOISE IN AND AROUND-BUILDINGS

Simone L . Yaniv -301.921 -2177
Technical Evaluation and Application
Division

Sponsor: National Bureau of Standards

A

This project coyers'ihe behafortif Asy,ects oc
CBI'Smultidisciplinary study of Windows. Ohough the
simplest solution for reducing energy consumption
might te the total elimirtation of the wildily$1, this may
not always be desirable froth the standpoint of the user,
the designer, or the engineer. As a result,,The benefits
and drawbacks of windows must be specified in many-
terms before- design criteria can be developed.

541'

A CBI suHey, of the importance people hold for
windows has brought together for the first time a wide
variety of infbi-matibn on the subject. This information
was published as Building Science Series 70, Windows

and People: A Literature Survey .The study found that
one function performed by a window is the addition of
a elynamic,active quality to an interior environment.
Other-functions are to give a view folhe outside sworld
and contribute to room spaciousness. The broad appeal
of this review is suggestad by the fact that it has been
republished in the United Kingddin, Italy, and France
(as Les fenares et ks:gens).

O

.4"

Under this project, a mobile energy conservation
laboratory will be built. The laboratory will enable
studies of the thermal and visual characteristics of
sliaces -- with and without windows, and with windows
of different types and sizes. The flexibility of the
laboratory will enable us to study,the effect orvarious
orientations oft window on daylight and heat-transfer.
The adv4ntage of the, proposed simulator over existing
laboratory apparatus is the abilitfto- investigatecthe .

combined effects of solar radiation, wind pressures,,te
peraturtand rainfall of actual outdoor conditions
the indoor en yin) n In en t ands" exterior wall ele tits;*. ,

and, more important, on windows? This facility will als&_,
permit behavioral studies to be performed in areas such -*--',Ntz,

asshuman reactions to window configurations.

Tfiis project is designed to uncover the human
response-to noise in buildings.It is generally agteed-thac
human response to noise depends upon three param-
eters: its amplitude, its frequency spectrum, andthe-
variations of both of these quantities with time. To
describe the noise environment, these three parameters
must be combinedMle result is'a psychqphysibal scale
and algorithm that,relates the,noise parameters to a
subjective res,ponse. The function actually-used in
developing the psychophySical scale and algorithm
depends upon which aspects of the:response and the
noise are considered to beinost important. Since this
selection is made on the basis of a human judgmeht,lt
is not surprising that there are numero.4.5such scales (at

33
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COLOR APPEARANCE

Gerald L . Howett -301 -921 -2177
Technical Evaluation and Application
Division

N
Sponsor. National Bureau of Standards

A ...

VISUAL ENVIRONMENT

Gary T .Yonemura -301.-921 -21.77
Technical'Evaluation and Application
Division

Sponsors: Natiosia Bareau.of Standards,
,.Enefgy Research. and' -

Development-Administrdtion-,

least 35j, each,rellecting the particular idiosyncracies of
the researcher and his subjects.

This project is designed to evaluate existing scales
to determine their relative importance and effectiveness
in developing appropriate acoustical ratings for building
envirOnments ones which will satisfy the needs for
quiet. The work will impact new building ,construction
of all types since it will contribute to the development

4 of codes, standards, and regulations for acoustical
properties of both,rooms and buildings.

aw

The first part of this research dea'lewith surface
color. Color coding is a common method for rapidly-
communicating safety information. Many Governitent
agencies and trade "associations have developed over the
years their own sets of colors for use in identifying
different categories of traffic signs or warning labels.
Moit Of these color codes contain, for example., a red
but the exact shade of red prescribed is not the same in
all the Codes. This project aims at encouraging all these
groups to choose their colors from a single, limited set
of precisely defined colors with explicirdeanings.

The colors of the standard code have already
been selected and proposed to the.Americarr National.

, Standards Institute (ANSI) C mmittee ?L53, "Safety
Color Codes for Marking Phy cal liazardZ" The
remaining effort will involve, consultation on-the.
detailed wording of the Z53..1 standard, and of other
standards that will reference the same colors.

The second part of the research is on illuminatio&
color. The intensityyf flashing lights strongly affects'
visibility, but not in proportion to the intensity. Thus a
light:of twice the intensity is not twice as conspicuous. -
The project will concentrate on developing a
conspicuity scale that numerically measures subjective
impressions. Lights diiltring nbe only in intensity, but in
color,. flash rate, or other physical,parameters, under
different viewing conditions, can then all be
comparatively rated on-this comMon-scale.

t ?(
( 1PVliminary studies conducted. at -the Center indi-

cate that the current experimental basis. for-regeirni.
mendinglevels of illuminates may be inserrtgr fa-pinny
common -tasks.`-Experiments be ,Conclueted to
quantify2the-amount of light'really:needed by describing"

"the perfonnance:of theeYe under real-world conditions.
-A-43ecrond,part of this,,reSearth is related to veiling

(eflectance.,:pne-of the 'most h0pottant determinants of
lighting:quality is,the geometrical distribution of light
flux and3theireSulting veiling reflectance, (reflectance
thatprtially ohseures,the-details seen:tie'Cnuse it

..



VISUAL-ALERTING SYSTEMS:
AMERICAN NATIONAL STANDARDS
INSTITUTE SECRETARIAT

Kenneth Kelly -301 -921 -2177
TechnicaFtvaluation and Application
Division

(
Sponsor: National Bureau of Standards

BUILDING ILLUMINATION
'STANDARDS

.T0a165* licittenbitrg -,3.01 -921-3293
Environniefit-DiyisiOn,

SponsOlsi., goe4iRelreiLand -

_ _ eloinn ntg4dth iniitratfori,
Ceniral Sir; ices,

3VcitiOnalieureakpf3tandirds,

. .
reduces the'contrast). A good lighting system even with
a lower illumination level can be more'effeetive visually
than a system with a higher illuminance but with poor
geometric light distribution. Five different types of
luminaires are being installed in the Manchester Energy
Conservation Demonstration Building. They all use the
same power, but may differ significantly-in their effec-
tiveness for visual performance.

The results of the study will go to the Illuminating
Engineering Society (IRS), the principal source for
lighting standards. They are the sponsors of the-,
American NationaLStandards Institute standards on
lighting. The research results be presented to the
Illuminating Engineering Research, Insttut, the
research arm of IES. Data also will be presented to the
American Institute of Architects.

The visual-alerting-systems secretariat was estab-
lished at the Center for Building Technology. A prime -

function of this project will.be to maintain liaison with
,all ;committees of the American National Standards ,

Inititute (ANSI) that are developing or applying visual
alerting systems, at well as with similar committees inal;
government, industry: and other standards organiza-
tions. Also, it is anticipated that ANSI Committees Z53,
"Safety Color Code for Marking Physical Hazards," and
Z35 on "Accident Pttventinn Signs and Tags," will
ti-ansfer.their secretariats from the National Safety
Council to the CBT facility. A combination of these
Committees, either through formal fusion by ANSI or at
least by maintenance of a coordinating joint secretariat,
will create an entity correspOnding in. function to the
International Standards Organization Committee TC80
on "Safety Colours.and Safety Signs." All major
research work on visual4alertingt both here and abroad,
thusTilill he coordinated through CST:.

This project under,cornbined
General Services *dministiallorf,:gnergy-Research and
Deyelopment-A.dininistritioirand,the.Nationat Burtak
otStanclards-sOndsofilijpif nevi,technicat data and:test
requirements-for:staida*relate4;t6energyitOnserving._
11041041Irrin*Aiktii-F40-04iiii*-113F-i4u14:30-1

Stasi x' theigforeetii4i,:iirtivicre:ilsanjOrjork
tai-ilie:majcipSteittoki44:0eye)cit*tnt O'Cierfoirniance--:,

*6.*111.4-44.1i1
,the-elieigy-liSei="0:Mnienci,;3andjigeraefionS:of:tlie-
likling,Ssie w ith o tier-elements ri b ilaingSr
:OW hiitiiiii2:veiftil4ttn' conditioning systems.
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design. Overall energy impacts of dissipated heat'gains
wiII require a great deal of evaluation. The final
outcome of the study will be new standards; to that end,
the Center is expanding its contribution to committees
of the Illuminating Engineering Society, the National
Electric Code, and the American National Standards
Institute.
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DURABILITY PREDICTION
METHODOLOGY

Larry W . Masters -301 -921 -3371
Structures, Materials and Safety Division

Sponsor National Bureau of Standards

J

'111/4

4

SOLAR MATERIALS: PROBLEMS
DEFINITION

Leopold F .Skoda -301 -921 -3371
Structurei, 'Materials and Safety Division

Sponior: Energy Research and
..-..;_-Development AdministFation

MATERIALS STANDARDS:
ABSORPTIVE COATINGS

Larry W ;Masters -301 -921 -3371
Structures, Materials and Safety Division

'Sponsor: Energy Relied; and
Development Administration

Durability is often the most important attribute
required of a building component,or material, but it is
the most difficult attribute to measure and predict on '...6,4

the basis of short-term tests. At present, short-term tests ....,T
are seldom satisfactory for predicting long-teim perfor-

,,marice. Thus, there is an urgent need to improve
durability prediction techniques. This research is'aimed
at developing durability standards. It involves

.

developing and applying a general method for durability
rediction, maintaining seven natural exposure stations,
tudying the effects of natural weathering and
ccelerated laboratory weathering, and undertaking a
omplementary.program with the Canadian' National

Research Council to develop international standards for
natural.weathering of building materials. To date, a
recommended practice for durability prediction has
been prepared and balloted in the_American Society for ''
Testing and Materials(ASTM) Committee E6.22,
"Durability Performance of Building Construction," and
the important phase of durability prediction,
identification of failure mechanisms, has been studied
using metal-to-metal electrical contacts. The.tnethodol-
ogy is now being applied to organic coatings.
Eventually, the recommended practice for durability pre-.
diction will be processedai a consensus standard by
ASTM. ASTM and other standa S-sitting groups will
use the standardto bility tests. It also is
planned to pr t the pfiilosop y of the standard and
-the results o the Canadian prog m to international
standards g u.s. -`4,.*

Thi ect tudy the currently available
operating systems, with an eye to the problems
now being rienced. Thirisurvey will then-to-4.m the
basis for identifyifig.needed standa s particulary atuned
to the demands and environment 6 solar ,components.
The outcome of the study will be guidelinIes for the use
of solar materials, and a list of afeas where materials
standards are most urgently needed. The final report
will be a publication distributed to the Energy Research
and Dev'elopment Administration, other Federal '.!/
agencies, and to standards setting groups Such a1 the
American Society for Testing and Materials, for use in
the developinent of materials standards.

numerous, standard test methods have been
developed foi coatings in hitilding construction, the per--
fortnance requirements involved in.Solar systems are

-*Ole different. For example, temperatures on the
absorptive surfaCe may,reach 2501c or greater,
standard test methods for coatings` ieldom involve tem-
peratures as high as 100 °C: Thus,standard test methods:L,-

'to evaluate.aksarptive coatings are urgently needed.. -*
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MATERIALS STANDARDS:
COLLECTOR INSULATION

McClure Godettt -301 -921 -3441
Structures, Materials and Safety D ision

Sponsor: Eifergy Research,Oild
Developfkly Administration,

ti

MATERIALS STANDARDS: SEALANTS
AND GASKETS

'Larry W Masters. - 301 -921- 3371 AY-
Structures, Materials and Safety Division

e

Sponso Energy Research and

Development AdrizinistiOtion

6

MATER41.14T ANDORDS: COVER-
1141:0,

Elizabeth p:Oaik
strticiiiresmq-eria4:-.414 seictiptvisigh

SpOnsfor:,

Peirilopm erkt.AdM inistrdtiOn
?-

.--

The purpose of this project is to prepare draft
standards. These standards will be based upon results of
laboratory studies and will bsubmitted to the
AmeOcan Society for Testing and Materials for eon7
Sideration.as "consensus standatds:

Any loss.of heat, other than-chrough the transfer
fluid, reduces the efficiency ofirsRlar collector. For this
reason, evaluation and identifieatidn of thermal insula-
tion as a material to provide resistance tothe flow of
heat from the back of the absorber plate or side of the
collector is of primary importance. proper

-, _insulation iesults in an increase in the-:` flfig or
cooling efficiency; for the Nation, it promotes our
energy independence.

.

The project will involve a detailed study of solar
insulation materials. Environmental conditions within

-,/ the solar collector, and properties of the nsulation
. material that contribute to the performance and.
'durability of insulation will be identified and evaluated.

Assessment of this work will lead to the development of
draft performance standards to be submitted to the
American Society for Testing and Materials. .

,7
Numerous.standard test-methods have been

developed- for se ants and gaskets for use in buildings.
However, the performanCe reqiiirementsfor sealants
and gaskets used in solar energy systems,are not entirely
covered by the-available standards. The, purpose of this
study is to -preparekdraftistandards for liquid sealants .

and preformed gaskets. The standards-will /be based
upon The results of laboratory studies to evaluate
available materials according to the perfofniance -
required in service. Among the faeloSis that affect gasket
performance-are temperature andlemperature.cycling,
moisture, oione stress, Ultraviolet radiation,, and contact
with transfer. fluids. The final-standards4ill be

theAmerican-Societiy, for. TeSting and-
Materialt faf.cOhirderaiion as-a.,consensus standards.r

,Many solar .collectiir designs :incorporate a cover
vlate 'Whole pfrpose-is-,to:tranlinit,SOlat'enerly white
_b_oth-Proiecting,,the,innqt*feaS-§(:the-e000-0917."fr'orii>
damage: -and reducing,the;fieat '

resultlifirv.a.decreaieinlhOftcieric'}f, Of -0 rgiiiii:0701-at
ne04-_04; opifrig HOWeye:it,-the' .tianc,Mittante;,,_,,
and :'60,,e,4101520,01i)liw p of !CO-Xer,P rat* materials'

ATP 4.0410, 443 rate d:ihy itinlight4d pefa:

I
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CORROSION OF METALS-.
James &Clifton -301 -921 -3407
Structures, Materials aid' Safety Division

Spimsor: National Bureau of Standards

PERFORMANCE OF ROOFING

liobert-q thej, ,,30l. -921 -3407
PriiptareS ,Aiaterialr arid:Safety Diylitanw itionsptTp9rnwmaterial:Slmesent:Aholinglethnologr
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tureslientounteredin solar collectors. Thus, there is an
rAr

overriding,need for standards to be developed_for cover
plates Of solar collectors.

Many standard test methods are availableto
evaluate materials such as glass and plastic. Dever;
the performance requirements for cover plates of solar
collectors are not entirely covered by the existing test
methods. The purpose of this project is to prepare a
draft performance standaid. for 'cover platematerials for
flat plate sola'r collectors. The standard will bebased on
the result?of laboratory studies to evaluate available
materials according to performance required in-service.
The draft is .being developed in coopevation with he
American SOciety for Testing Materials (ASTM) Task
Group on Cover Plates E21.10, "Solar Heating and
Cooling Application,"-and will be submitted to ASTM
for consideration as a consensus standard.

o

Thecorrosion of pipes and structurar metals can
increase the maintenance cost and affect structural
integrity of buildings. In the past, the Center's work on At.*-
epoxy coatings for ,reinfording bars has resulted in-the,
incorporation Oflpoxy coated-bars in' a large number of
recently constructed concrete bridges: This year, wink
will concentrate on metallic pipes. Electitchemical

4Technitikes and weight change measurements' will -.be t
useetoaluate the ffectiveness. onnhibiLortin

-
redtieingkthe corrosionofblack-steet"topper, and
galvanized pipes. The: effects of,p11:-Water flow,rate,

-soluble salts, and concentration Of inhibitors if
corrosicMitates also will be= The, results, of
this project be published in the open` iterature and
brought-to the attention of theArnerIcanSociety.for
Testing and the-NationahkssOcialion of_
Corrosion Engineers,: corrosion, Scientists, and
goveinMent and indu,strialbrganizations:-.A-conference,
on corrosion of metals In buildingS4ill aliorbelteId at
the:Bureau.

-,' \-7_
_A performance - approach Ao,the evaluation Of ,

-,f'Sitiiitillious- Membrane IdOfing7IS.needeCto,-,OYefoorne
"''-'", the traditional roadblocks,:thitp-teiiitt4e,:istietifica;

-- ..----,,,- -.--, - "5,,,:;,, Jiiis,:priSeeis eit.sloivls4a itIt-,1*.o Mike .10114 ika-,,_114_, i ',

Spofisor: National Bureau of Standards n'4=-44.tr4gmeti;ed, lOW1Trorit, businesa.-Further- ,
ihe-Aara*iii0es

ifiedVantitatively:' anufact rs -0 f .
roofing ptoducts need criteria f9r,ElldgPee.501Y,t,h
properties- of Vieit inOcinotS;;Nye;a0i,;natiOn need -so011-
guidelines from, in' energy standpoint:. alone. A.

estimate ,shige stk that their of-



` PROPERTIES OF BESATURATED
ROOF MEMBRANES

A's

pober! s.7Ciatil4 -301 42i -3407

oil per year could be saved by imAproying roof perfor-
mance.

The Center has approached this problem by first
'

identifying and studying 20
e'PV
cntierperformance char-

acteristics of roofing materials. These include tensile_
'strength, coefficient of thermal expansion; flexural
strength, tensile fatigue strength, flexural fatigue
strength, moisture exparision, effects of moisture on
strength, shedr strength (horizontal and vertical);

'impact resistance,,notch tensile strength, creep, wind
uplift resistance, weather test, fire resistance, ply,
adhesion, Permeabilityl abrasion resistance, fungus
resistance, tearing, and pliability.

In additionthe project has published a well
received study ofiasphalt viscosities at various applica--
tion temperatures. Another repdrt showed the effects a
insulation on the surface temperature of roof
membranes. A proposed standard method of test for the
viscosity of asphalt at its service temperature was
submitted to the American Society for Testing, and
Materials and a videotape on roof performance was ,

prepared for the Built -Up Roofing Systems Institute.

, StfucturFs; Materials and Safety Divisiost,.,..

Sponsor: Energy Research and
Development Administration,

-e3

gooftiq,AND,,COATINo.RESE/00
:FOR THE`ARMY

Materials and Safety DiOSion

bnsor: .Department oftkAritiy-.;

The goal of this project to develop dataon the
performance of old bitutiiinous-rooc,membianes that

* have and WaVe not beensubjeCted to "resaturant"
u coatings. This information will provide a basis -for the

-Selection of materials__and.procedurei:for_ the,rinte-
nance of bitinninous roofing systems. In addition, it will
provide information o the condition of old roof
membranes to help with the decision p replace or
repair.

Roofing-membrane samaesafdr- laboratory tests
will-be selected from-buildiWthat have had part,of the
roof membrane coated iith a resatbrant coating.
LaboratOry-samPles'willincludp--meinbranes of various
ages4ithout coatings;an&iiniples _With resatu_rant,
Coatings that ly.ere-apPliectir,tO .;year,s ago. 'The
labbIatory,:testsiWill be,:carri_ed out as escribed in the
National. Bureau of Standards.,:reportAuilding Scietre4,4
Seriesi56; Prelihtinatyr ,6rforrhance eritericifo
Bituminous Membrane

"This,projeCty.torkwillinclude Labora, pry tests;-,
and evaluations'as:well2as-fieldjnyettigatIOAls,, direCted

"cciatingi-arid-.Wateriroofing,

st301$04§:t- r-
inost--easeS,,CBT-StafferS-areabl

-.probIensites'andrecOrntriendeostieffee nee,fixes 'based- -
.6iVaitailable:fechnOiOgy andA5erienCe. ficieneesin I
current;'standards.:and practices are. not d' -as a;guide to ,

Infuretesearch4,activitiesi ,



ORGANIC COATINGS

Paul G.Campbell -301 -921 -3441
, Structures, Materials and Safety Diyision

SponsOrs: Tr4-Services Committee of the
Department of Defense,

National Bureau of Standards

ae

-RESTORATION AND PRESERVATION
TECHNOLOGY

Geoffrejr,1.0 .Frohnsdorff -301 -921 -3458
StructureS,Materials and Safety Division-

- Spon r.:" -NatiOnal Park Service .

J.

f

About $3.5 billion is spent annually on paints and
alliedproaucts,, but tpis represents only 20 percent of
the total amount spent each year on painting. The value
of the paint is rarely as much as I percent of the alue
of the bu ing dr object beingiainted, yet marketabil-
ity and sueqiient 'maintenance is dependent on the per-
formance of the coating. Durability and performNce
studies, test method,development, and cooperative
efforts with voluntary standards organizations play
important roles in improying coating performance and
in reducing maintenance costs.

This year, a new field test site will be established
for the evaluation of coatings applied to actual
buildings. Laboratory tests and outdoor exposures of
new coatings-will he carried out to evaluate the
applicability of existing-test methods and, if necessary,
develop new ones. The coatings to be studied will
include vinyl primers and coatings, water repellent
coatings, and latex maintenance coatings. In each case,
the results obtained from a range of commercially
available materials will be used is the basis'for a draft
specification f6 consideration by-the-military. A serie4
of lectures_will be given as part of a new coatings 44
caurse-being deNivloptd by the Naval Facilities
-Engineering ComMand. The project is of direct benefit
to the military by providing them with specifications for.
the purchase of plaints and coati gs, dwever, the
Center's draft specifications gen I become Federal
specifications, in which form they w" I have a great
impact on the industry.

The National Park Service maintains many
buildings,4s part of its role in preserving our national

,heritage! Because of the wide variety of materialvatid74
types Of construction in historic buildings, the Park
Service sometimes requires consultation on paints,
mortars, cleaning procedures,and'pretervatives for
buildii4 materials. The Center's Materials and
Composites Section_provides,consultatiorind advie`
when Called upon to. do so. Examples might be in
advising on the selection-of paints:lei the, White House,
preservati/ei-for an Indian scuiPtiture in the earth;'and-
advising on the possible -deleteriouleffects of cloning
procedures on a stone building. This-project makes' the
-services.of the Materials and Composites Section ,

available to -the National Park Seryice on a rapid-
reiponsAasisiwhenever special knowledge of the
durability and preservation of matefas in historic
buildings arise.

,
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LEAD-PAINT HAZARDS /
Harvey W .Berger -301 -921 -3281

ti

Office of Housing and Building Technology

Sponsor: Department of Housing and
Urban Development

AVIE sivE COAT,I1rS- TO REDUCE

.Continuing the Center kir Building Technology
(CBT) research on lead-paint poisoning;this project has
examined the cost effectiveness of numerous ways of
removing lead paint from the enviro'n'ment and the rela-
tionship between lead paint in oldar houSesiaaody
bur4ens of lead in children. Housing officials,
contractors, and homeowners have been provided with
a broad spectrinn of techniqueSlor either removing or
covering up lead paint. CBT also helped local
authorities determine the severity_of lead ppisoning in .

their coMmunities by producing a manual covering an
explicit suriey.method. .

As a result of a CBT-coordinated survey in
Pittsburgh, which found low incidences of lead
poisoning among children living in lead-paint-
contaminated homes, researchers are mare seriously
considering other environmental factors (lead piping,

vtdlead air pollutants) as causes'ofi poisoning. The
Pittsburgh findings may-have ed large and
expensive programs to eliminate lead-paint hazards from
housing. This year, work will continue on an evaluation
of the accuracy and. calibration standards for lead-paint
detectors; field testing will continue on paint abatement
techniques; and a model will be developed to compare
costs, materials, -and effectiveness of all abatement
techniques.

.

Avosive coatings that will discourage children
LEA r PAINT(POISON G

.
s -

<,°^' fir eating lead paint flakes have been considered by

Paul G .Caripbell -301 1 4441 4 SinceMil 's known about the ability of aversive-
th .D6-0 tment of Housing and Urban DevelOpmek.

.
Structures, Materials an Safety' Divisikn coatints to fain their deterrent properties over long

° period of ti , tests for the dUrability of aversive
'Department of HAIrsintrand% coatings had o be developed.

.
ban ' ° For 'e ch aversive coating selected for evaluation,

1 three :main tasks were carried out:, the development of a
suitable analytical, procedure for determining the
quantitlesOf the essential aversive ingredients; a study
of extraction procedures; and an evaluation of their

isability vte retained onlabOratory-prepared painted
...,.surfaces A& artificial-weathering and repeated , '

washing: The outcome of the,researeh was the report,
-"A Study of the Material Applied to'Painted Surfaces."

S. -

NONTOXIC ;YELLOW TRAFFIC
STRIPING' Z

aMpbell -301-92,13441::?.;
StruCititeOldterit :-and Safety DiVistm.

Spans

,

Department ofiTransportation

4 i :,k;''
The niost`widely used yelloW paintiiigint in

traffic, striping islead.tromate. With the.restrretion on
lead-pigment% iri4bnildingi and the possibility thatthey
wilt be banned from. use in highway markings, thereaa
need toidentify and evaluatethe-perfornianceoffr

siibstitiite.yellow pigments. While:this,prOject is
specifiCally concerned with ponteadpiiments for
4 .04,,,,,4.0p,_.

1
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EFFECTS OFInkBICIDES ON"
MASONRY STRUCTURES

James E Fearn -301 :921 -3407
Structures, Materials and Safety Division

p
Sponsor: National Park Seivice

WOOWFOUNDATIONS AND
ARSENIC

Harvey W . Berger - 301 - 921. -3281
Office-of Housing and BUilding Technology

Sponsor: Department of Housing an'd
. Urban Deyelopment

t marking paints, the technology gained will provide
knowledge about nonlead yellow pigments for use in 4,
paints and buildings. In this project, the performance of

-yellow traffic stripings-exposed at the outdoor. test sites
and by road testing will be evaluated. The results and
laboratory tests will be it corporated into a final report
on the performanc) criteria for yellow traffic striping,

Vegetation can cause severe damage to ma
structures. This problem is particularly acute for th
National Park Service which is responsible for the
preservation of several historic forts along -Florida's gulf
coast. There the roots of persistent vines and grasses
easily'penetrate mortar joints and .cause themfo

_crumble. To keep the forts free from destructive
vegetation requireMither a continuing grooming by
hand or periodic spraying with herbicides. The use of
herbicides is usually Jess costly and more effective in

:keeping the vegetation under contro10-lowever, there is
an impoiTant question about the long-terra effects of
herbicides on'the durability and appearance of masonry
struffires.

The Center for Building Technology is reviewing
commercially available herbicides and their use in
historic building ps,eservation programs in' the United
States and other countries. At the same time, the types
of masonty-Units and.mor.tars usain historic buildings
that are candidates for herbicide treatment will be
noted. Then, the processes by whiehhtrbicides might;
cause deterioration will be identified and a judgment-
will be made as to whether the types of herbicides
commonly, used, or considered for use, are likely to
cause further damage. Examples of possible effects are
digfolution of-the inaterials, swelling of mortar
constituents, color changes caused by complexing of
heavy metals ornonuniform rem,ovalOf surface soil,and
reducting bond strength between inortar,and masonry
units.

. -

A repott,SubOtted.tolhe Department of,Housing
and' Urban Developnientz by the National COncrete
_MaSoiiiiAssodiation'indidated that: air, dust, and ,woOd,..-
samples obtained fronveOuses built witltwood4ourida-_,
'ions contained,arsepic; hirtherniore, the-repOrtstated' ,
_tlikt the arsenic levels pre' 001y in excess Of(tOxie. .

'fillglimiti-estahlished by the OccupationalSafety,a, afealth,
Administration, forindustriii-exiidstires.loinirei ate , ,

. _ ,,.

this itatetneitiiiiie Center hai'heen#lieci`tiOn ,to-
determine the levels of 'arsenic in ciiist,,soil;-;Wobd-
surfnFeS,L nnd.air,iii, Or ,nekr ',Idwellings- with :Witiottfpunda,-
dons: The tifeject:also-will,avalfiatelhe,,I,yay arsenic . !'

0
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INORGANIC BUILDING MATERIALS

James R . Clifton -301 -921 -340.7
Structures, Materials and Safety Division

Sponsor: National Bureau of Standards

A 4*

NONDESTRUCTIVE EVALUATION OF
BUILDING MATERIALS

James R .Clifton -301 -921 -3407
Structures, Materials and Safety Division

Sponsor: National BureaU of Standards

-,44,4.**

-leaches from wood and the adequacy of chemical and
other tests that show the presence of arsenic.

0.

In this project, relationships_are- sought between
in-service performance of inorganit building-Materials
and their composition and structure. Knowledge of

--these relationships providei a basis for performance
tests anti criteria. These contribute-to improved effec-
tiveness. They also aid in making- decisions about the -

substitution of materials. The porosities, phase
compoqitfOnsmechanical properties, an durabilities of
inorganic materials are determined using techniques
that include optical scanning electron microstopy;
mercury, porosimetry; tensile and compressiv_e-strength
measurements; fracture mechanics; thermal analysis;
and x-ray diffraction. The durabilities of materials to
freeze-thaw cycles, to wetting and drying, and to .tem per-
ature extremes also are being investigated. Nearly
completed aspects of the project include a study of the
use of waste materials in construction, a rep.artsTn
Rolymer impregnated fiber-reinforced_concrete;and a
study of the microstructure of cement paste.

This project will eyaluate nondestructive 'methods/
for determining the in situ mechanical properties and
the physical condition of inorganic huilding _materials.

. Present studies are concentrating on measurinttrthe-
properties of concrete and on measuring the moisture
content of other inorganic materials. Last -Year, Center
staffers tested concrete using the Windsor Probe,
Sehmidt Rebound Hammer, Ultrasonic Pulse, Velocity
measurements, pullout of cast-in-place ipsertsand.the-^
maturity concept. They also,identifitiiiltqAc0Or
development of-standard caiibration_inithOdsarld

naterials for measurements cif,moisitire in building"-
_materials. Apaper, "Nondeitructiye-Techniques for_

Evaluating Metallic Artifacts of'HistOricinterest," also
wis,prepared. In conjunction with: other _

Outtait, staffers ate"tYalitatingthe feasibiliii*.vsing
neutron diffractidn'ati method for. the eanaTisiSvot
cements, and,develdping_methods-forinterpfetating
*ray -diffractibn_pitterns.

" `
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STRUCTURAL RELIABILITY
---

Bruce R . Ellingwood -301 -921.-3475
Structures, Materials and Safety Division

Sponsor. 'National Bureau-of.Standards
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STRUCTURAL MODELING

C

Edgar V .Leyendecker -301 -921 -3475
Structures, Materials and Safety Division

Sponlor: National Bureau of Standards

O

What are -the margins of safety and risk in
building design? Tliis(isan important question 7
especially since the costsiof,excessive safety margins are
high, and becau ,therois a critical shortage of certain-

11- materials. Moreov , current design criteria do not
provide a consistent margin of safety because of failure
to explicitly c,o sider uncertainty and risk, and
consequently m y unduly penalize certain materials and
innovative' structural designs if extrapolated to apply to .

-

Existing realistic data on applie)krOads and
strength of building materials,are bein, compiled andt-
their statistical variability analyzed in an.effort to asses
reliability as a risk associated with various limit states.
The American Concrete Institute standardWhich
governs concrete 'design in the United States, has been .

selected-for a case study. Using probabilistic analysis,
design criteria consistent with current acceptable 'risk
and uncertainty levels and with the objectifies of this
standard will be developed. Alternate formats are being
studied to see if one material-indepeNent set of load
factors can be provided that could then appear,in a
"loads and general design type of document.

This research will be of great assistance to
national standards.organizations in their sontinuing
efts to set appropriate safety and serviceability
criteria to structural deiign. It also will be helpful to
Federal agencies involved in building standards develop-
ment. e

, ..

Full-scale testing of structures is seldom practical.
As a result, experimental structural research is normally
conducted using reduCed-scale structural models.
However, since the parapeters affecting resistance ,.
usually cannot all be scaled simultaneoru,sly, similitude

'requirements of the structural model are frequently
distorted. The validity of scale model tests is sometimel
questioned.

The development of a methNology that would
accurately account for the distortions from reduce

-... scale structurakmOd&ls would be.a valuable contribution.
to structural enginpering and should lead to-coitssaxings
by decreasing the;nced to test larger models than are 4
necessary. At the_,,Center for Building Technology,
prelim' ary studyrfias resulted hi a partial listingof)
needed ,esearch on ,very law, fullfscale structures or
elemen s. Examples are composite concrete -steel
column's, concrete:I:Bled pire (thin walled) col$mns,
continuous deep,beaMs, and interface shear transferin
reinforced concrete Current large, scale studies in -.

interface.shear'tiansfer in nuclear reactor containment
vessels will be assisted by these ba'sic:sttidies in -
structural-model distortion: .

is
,- 4 , .

Al.
.

. , '
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THE SHEAR TRANSFER
PHENOMENON IN REINFORCED
CONCRETE

'Edgar'/ .Leyendecker -301 -921 -3475
Structures, Materials an( Safety Division

Sponsor: Nuclear Regulatory Commission

1

UPDATE EXCAVATION AND
FOUNDATION STANDARDS

Felix Y.. Yokel -301 -921 -3475
Structures, Materials and Safety rivision

Spon.1.ors: Department of dousing and
Urban Development, a

National Bureau of Standards

a

c

The containment building at many nuclear power
plans is curthitly reinforced concrete consisting of a`
system of orthogonal and diagonal reinforcement in
each face of the wall. Large reinforcing bars and high
percentages of reinforcing steel are used. Current design
assumptions rely heavily upon the resistance of the
reinforcing steel and'verSr little on the resistance of the
concrete or the resistance contributed by the interaction
of the concrete and the reinforcing steel. The
mechanism of interface shear transfer may provide a
rationale by which these effects can be taken into
consideration in the design of the containment building.
IImproved design criteria could result in substantial
savings of reinforcing steel.

Stress'or deformatioa fields and the resulting
mechanisms that will be studied in this research occur
to some extent °nail reinforced concrete building struc*
tures, especially when they are' subjected to seismic
loading. Thus, results from this research will not only be
applicable to nucleai power plants but also to the walls,
b majootings, and pile caps in other types of
buildings.

This-projed will begin with laboratory tests on
relatively small specimens proportioned front a
prototype structure. This approach will allow study of
the basic mechanisms before investments are made in
large test specimens and test equipment. The initial tests
'will use quasi-static loading. If found to be appropriate,
an experimental program will be continued to further
verify the use of the interfaceshear ntechanism using
larger test.spechnens and cyclical loading.

S.

a

. The National Bureau of Standards (NBS) is
0,,, cooperating witIrthe American Society of Civil

EngineerS ,(ASCE) in the preparation of an updated
'National Standard for 'foundations and excavations. The .
Department lf feritiing and Urban Development fluids
are being used to prepare a draft standard: The NBS'
funds help support the secretariat of the committee, - -

whichis a full ASCE committeechaired by tke-prOject
leader. After reaching committee consensus, this stand-
and will becothe part official ASCE and American

4...NationatS ndards Institute Standard that can be
4(- reference by the United States building

odes. It is hoped that a national standard will help
reduce, the losses caused by foundation failures whicji .

now average 83'billion annually: .
4

vv),
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IN SITU GEOTEeHNICAL,
MEASUREMENTS

Felix Y /1Yokel -301 -921 -3475'
Structtires, Materials and Safety Division

Sponsor: Nationa' Bureau of Standards

PROVISIONS FOR UBSIDENCE
LOCATIONS

Felix Y . Yokel -301 -921 -3475
Structures, Materials and Safety Dikision

Sponsor: Departntent.of Housitig and
Urban Development

,

.CAPACITY OF REINFORCED
MASONRY SHEAR WALLS

S.George Fattal -301 -921 -3475
Structures, Materials and Safety Division

Sjonsor: National I urealeik Stataard.

The recent emphasis in geotechnical engineering .

has shifted to in situ measurements. This shift has.come
about from the realization that disturbance and scale
factors place unsurmountable limitations on the
reliability of laboratory measurements. Likewise, great 1-
strides in in situ-measurement technology have recently
been made. "'

As a first step it is planned to produce.calibration
techniqtfes for the Standard Penetration Test (SPT),
which will in turn lead-to an improydi SPT standard.
Considerable benefits will be derived from an
improvement in this test, since it is widely used in soil
exploration and foundation design, and more recently in
soil liquifaction studies. Calibration will help to clear up
the confusion now caused by differences between
various test procedures used in the United States indln .

other countries. In a later stage other in sit easure-
ment techniques will be examined, in parti i.r the
recently-developed pressure meters. Since dation
failures filve.historically been such an impo t factor
in building loss. the improvements offered by this
research will go a long way 'toward making our buildings
safer and longer lasting.

'

This project is Preparing a set of-guidelines tinder.
which the Department of Housing and Urban
Development cad permit the constructioj orbousing
under' one of its programs in areas that are already
undermined, or areas that are likely to be undermined-
in thi''fitture. These Aielines will cover four areas:
Guidelines for Site Eyaluation and Acceptance;
Guidelines-for Site Development and Housing ,
Construction; Sbpplementto the Minimum Property
Standards for Mine Sullsidence Areas. Since the mine
subsidence problem will becothenidie seven with-tht 4
increased utilization of-our energy resources the guide-

-\kslines are important and,ivll help feducalosses-by rqc-,
commendifirappropriate preveTive measures.

N

.

Research needs for seismic- resistanf masonry Cott-
struction were identified in a September 1976 National

' Bureau of-Standards/National Science PotmdaTioly e
Workshop. One of the top prioritieswis the need to
establish reinforcement requirements in masonry sh-ear-
walls. At present, 90 percent of the masonry construe:
lion in the United States is urtteinforcedand is loFated,
in i%eismic:zoneil or below (relatively low_seismicitx. on.
a scale-of I to 4). While there,was generaragreernent;
on the needteusereinforced-masonly in high seismic_
risk area's (zones 3 and4);=aricri good deal,of ongoing,
research is focused on -Masonry coristiuctiOn for such

-,
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.PREPARATION OF THE AMERICAN
NATIONAL STANDARDS INSTITUTE
STANDARD A41, u REQUIREMENTS
FOR MASONRY"

Felix .1 . Yokel -30-1 -921 -3475
Structures, Materials and Safety Division

'Sponsor: National Bureau of Standards

0

'

elk

FUNDAMENTAL MECIIANISMS OF
WIND LOADING- .
Richard D.-Marshall -301 -921 3475'

- -Structures, Materials and Safety Division

Sponsor: National Bureau of Standards

t

S

.

regions, there evolved auionsider,able divergence of
opinion about whether the masonry in lower risk areas
should be reinforced, and\ if so; what amount of
reinforcement would be needed.

Thiiiroject will establish a new test method that
offers: loading of masonry 'walls in the reverse flexural
mode typical of masolify pAr elements in actual
buildings; an accurate assessment of the forces

--tritsmitted at the, specimen boundaries; a procedure_
that can be effectively applied to masonry having
diverse composition, sectional configuration, and
reinforcement arrangement; and a plan that readily
tends itself to study ths.effect of oblique forces on shear
wall strength.

'Present masonry standards are fragmented and
sometimes.contradictory and do.not adequately reflect
the state-of-the-art. This is especially true in view of
recent developments, such as the revision of seismic
design standards and the introduction of ultimate-load
designs for concrete. A new cOrnprehnsive masonry
standard is urgently needed. The overall goal of this
project is to eventually introduce a single comprehen.
sive national standard for masonry through the
American National Standards Institute, as Standard

As a fast step, the present Standard A41, which
' is outdated being levised and re:Htued as an

empirical standard (at feast 80 percent of all Masonry
construction is mit'engineered and thus would fall under
the provision of the empirical standard).

The approach is to provide CST sponsorship until
the empiricA standard is adopted, and to subsequently
act as a catalyst to bring resources from within-the
fession to adopt a standard for engineered masonry. "

.

This.project will investigate the intensity and -
spatial extent of wind pressure fluctuations acting.on.
buildings. It dist) will develop Sirnplificd-equiyalent-

-; ' toadingiAhat can be used in building codes and,stand-
Fas. Th:t-project will involve the use of wind-presstire
measurements obtained on Kill-scaIe'Suildings ovefithe-1
pe-tsever.al years andfrOm recent wind tunnelstudies,. ,t,
the-validity of which lias.been established through:
correlation witlifull-scale measurements: Design. wind
speeds will be reassessed for-the purpose of erisuniig
consistent levels of structural safety..

In the past, the American National Standards:
Institute (ANSI) Conimittee A58.1, `'Building Lode
Requirements For Minimum Design Liiatls In Httildings;"
and-Other Structures".has relied heavily on theCenter'

t

4
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HIGH WIND STUDY FOR DEVELOPING
COUNTRIES

Richard D Marshall -301 -921 -3475
Structures, Materials and Safety Di.iston

Sponsor... Agency for International
Developmint

ti

f

ADMINISTRATION OF THE
SECRETARIAT, THE AMERICAN
'NATIONAL STANDARDS INSTITUTE
A58, "BUILDIN. CODE
REQUIREMENTS FOR MINIMUM
DESIGN-LOADS IN BUILDINGS OD
OTHER` STRUCTURES"

Robert A'. Criss -301-421 -3477
StrUctures, Materials and Safety-Division

Sponsor.: 1Idtional Bureau of Standards

?

for technical support. This support has included
research into those areas which have not received the
attention of trade associations and which are nosuffi-
ciently basic in nature to mmir the support of the
National Science Foundation. Because some model
building codes Have expressed specific reservations
about provisions of the ANSI Standard A58.1-1972,
which relate to localized loads on building elements, it
is important that a reassessment of tributary loadings be
carried out.

Research is needed to supplement what is known
about the effects of wind on low-rise buildings. Exi ting\

3 design, criteria for wind loads do not make adequa e
provisions for fluctuating wind pressures along th edges
of roofs and .walls. (extreme negatil.e pressures t these
regions being one of tat...primar contributors t
building damage). This research effort has grea
potential foi:'"reducing wind damage (thereby eatly _
reducing loss of life and property. the disruption of
development, and the costs of disaster relief) in the
United States and in other keasmf the world.

Bene iciaries of this research will be-the design
profession, r guiators, researchers, financial lending
institutions, manufacturers, and building owners and
users. Technical data resulting from this study will bes
made available to -the Aincrican National Standards
Institute A58.1-4ubcommittee, "Minimum Design Lads
in Buildings and Other Structures." The project's results '

have provided the first step in°revising the Philippine -,-,--
National building Code, Section 2:05, "Wind Pressure."
Project results also will be considered as building codes
in the Caribbean area are revised. A 5-volume report,

-Building To Resist-the Effect of Wihd (Building Science
series 100), and a userRmilented report, 43 Rules: flow

. Houses Can Better Resist High Winds (NBSIR '79-1197)
be-published in the Spring of 1977.

. .,

as.

A measure of today's natioica rrerd'is the floiii:of
inquiries to the Anierican National Standards Institute
(ANSI) and the Centerlor!Bui/ding Tesppology (CBT)
regarding the use of the. present standard for loads -on
buildings. It is obvious that i consistent s t of design
loads should be used and that a particular stlucture in a
particular geographical loCationAwld be able to
withstand the same load on it fegardless.of which code
is applied. This is not the ease today:A primary
problem that the committee is directly addressinpis the
confuilonsin the use of load factor design, which has
resulted in different load factors being used for different ,
structural- materials.
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Sponsor. 'Department of the Army Natick
Laboratories

IMPROVEMENT OF HONEYCOMB
CORES

Thom gs W . Reichard 301 -921 -3475
Strucicres, Materials and Safety Division

4

O

The CBT Secretariat also includes the USA
Technical Advigry Group Administration for the
*International Organization for Standardization
Committee TC-98, "Bases for the Design of
Structures." The Secretariat responsibilities will be main-

. tenance of the current Standard, ANSI A58.1-1972;
formulation, organization, and coordination of the A58
Committee; and coordination of revisions to the current
standard (estimated for completion by 1980).

*It

EVALUATION OF MOBILE SHELTERS

James R .Shaver -3Q1 - 921 -3475
Stiuctures, Materials and Safety Divisie

. _

-:'
Sponsor: United States Air-Force

.

41,

FIRE- RESISTANT STRUCTURAL
DESIGN

Bruce R . Ellingwood .- 301 -921 3475
Technical Evaluation and Application
Division

Sponsor: ,National Bureau of Standards

,

.

All branches of the military use lightweight, air-
transportable, rigid structures that serve as combination
shipping containers and shelters for many types of
tactical and life-support services. The use of these
shelters has increased so rapid?), in recent years that .

life-cycle costs have.become a major economic factor.
These shelters are fabricated from either paper
honey-comb core or foamed plastic sandwich-panels.
The shelters however suffer from any of four frequent`'
defects* improper panel fabricationwr8cedures
(adhesive bonding), inadequate performance of the
core, poor choice of materials, or inadequate design. To
solVe:theie problems, the Center is undertaking a three -
phased study that will: establish a technical data base
for improved honeycomb core criteria an companion41
test methods; evaluate trial manufacturi runs of
honeyComb cores made to the improved requirements;
and help the industry establish improved quality-control
procedures for all honeycomb sandwich panels. .k

The Air Force accepts its mobile shelters based
on the results ofistructural tests that are believed to
simulate the transporation and operational loads that
the shelters -experience daring their service lives.
However, this procedure can lead to shelters that are
ow-designed with respect to certain service loads; it

- can also be costly when the shelter, fails to pass some of
the required tests. In-this project, structuralmodels are
developed to predict the response Of particular shelters
to loads that the shelters will experience in use. Field
tests are then_ used .to prove -the validity of the models;
The Models in turn will lead to better shelter designs.

Fire resistance and reserve loatl-carrying capacity
for' reinfOrted concrete structural members exposed to
severe fires is an important engineering problem in.view
of the economic and human costs involved. Fire resistiv:
ity of structural members is currently determined by
evaluating their beliayior`when subjeCtethto a standard
Americansootety for Testing and Materials 'fire test.
This may be quite costly. Previous research by,the
Center has - produced a'Computerprogram that
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FIRE ENDURANCE OF FLOOR
CONSTRUCTIONS

Jin B . Fang -301 -921 -3461 -
Center for Fire Research

Sponsor: Department of Housing and
Urban Development

a

numertcally'simulates the structural response to the-
standard fire furnace test of a simply supported beam.

in this project,. the limiting states of structural per-
formance to which the design criteria are directed will
be identified. Although current practice is to determine
fire resistivity on the basis of endurance, other criteria
may be more relevant, such as reserve load-carrying
capacity. Moreover, the occurrence, duration, and
severity of fires are random events,-and many of the -,
material properties and design parameters are randoin
variables. In view of this, the development of design,
aids should have a statistical basis. Accordingly, existing
data on fire performance of structural members will first
be examined to determine variability of behavior and
correspondence, if any, with behavior in the laboratory.
Correlation of member performance to current fire
design,,criteria will be established, and factors over
which the designe has some control and which signif-
icantly affect perfo mance, in fires will be identified.

Fire statistics indicate that basement fires are
responsible for approximately 26 percent of the te,tal
residential fire fatalities, exceeded only by fires
originating in the family or living rooms. The problem is
that unprotected. loadbearing structural elements may
collapse or burn through. This 'pr9ject, with technical
support from the National Bureau of Stangard's Center

. for Fire Research, will establish a realiitic research-
based.foundationfor fire growth in residential ".
basements. The test procedure to be developed will be
based on measurement from full -scale fire tests using
actual representationqf residential furnishings, rather
than extrapolated estimations based on con lions
existing many years ago. By performing theloasic
research on fire growth, followed by evaluation.of
typical protected 'and unprotected floor constructions,
and by, supporting these with analytical calculations, the
ultimaterepommadations will be tedpically sound and
adaptablito many alternate types of construction.
Project results will be given to the Department of
Housing,and Urban TievelopmeriNn the form of reports
with recommended criteria; to professional engineers,
such as the American Society for Testing and Materials
and the National Fire Protection ASsodiation Fire Test
Committees, in terms of test procedures; and4o code
officials in the form of recommendations for
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BUILDING PRACTICES TO REDUCE
DISASTER LOSSES

Charles G .Culver ,301 -921 -3126
Office of Housing and Building Technology-

Sponsor: National Bureau of Standards

_FORMULATION OF SEISMIC DESIGN
PROVISIONS

James R . Harris -301 -921 -3361
Office of Building Standards and Codes
Services

Sponsor: National Science Fohimdation

a

EARTHQUAKE- RESISTANT MASONRY

Robert A .Crist -301 -921 -3471
Structures, Materials and Safety Division

Sponsor: National Science Foundation

This is a continuing project to improve the way,
buildings are built -- specifically to help them survive
floods, hurricanes, tornadoes, and earth wakes. The
program results in design requirementsland standards
that become a part of:professional pracit. The seismic
design provisions being developed as part of the
program will reduce human and prope$y loss due to
earthquakes. The General Services Administration has
used a method developed by the Center to establish
their hazard assessment computer program. Also under
this project, post-disaster investigations are conducted
after earthquakes,.tornadoes, hurricanes, and other
extreme or unusual loading conditions, such as construc-
tion failures.

The purpose of this project is to facilitate the-
'development and use of the seismic design provisions
that are currently being developed for the Center's
Disaster Mitigation Ftogram by the Applied Technology
Council (ATC). This is a collaborative effort with
Carnegie-Mellon University,

The seismic design' provisions address the
earthquake problem on a national basis with inputs
from research, design and industry groups. In addition,
the proposed provisiOris fre morecomprehensive than
existing provisions; they include requirements for archi-
tectural and mechanical/electrical components as well
aefor structural design.

This project assists ATC by making
.recommendations to them concerning the clarity,
completeness, consistency and accessibility of the
'provisions. The project assists the'impletnentation:and
use of the provisions by.publishing a formal
documentatioli of the logic of the written provisions and
alternate organizations of the.provisions fo ecia
'interest groups. The recommendations, formal
documentation, and alternate organizations are based
upon a systematic analysis incorporating decision tables,
topological networks, and hierarchical classifications. .
This project, then, is designed to facilitate the goals of
earthquake disaster 'mitigation by assuring that the
deSign provision's produced are usable for building,
regulations.

Research projects on earthquake resistant
masonry construction areTliow in progress nationally ,

anti, internatioully. ReseArchers, code and standards
1.:-, ,,,

writers, designers, and the construction commilnity need
to 13e informed of the neivinformation and have access

.&..',-- . ,,, ,to it. Desgncriteria tor:masonry structures are
s technicallylaggingbr yearsIO to 20 behind other

,._, ,
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materials such as woodyseiaforced concrete, steel, and
aluminum. The development of inwroved design criteria
for masonry is a significant component of the disaster
mitigation program. The-Center ran a week-long
conference ot tlieqopic at Boulder, Colorado, last4year,
The proceedings of that meeting are available to
designers concerned-with seismic loadeand to-the pro-'fessional community in general.
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ARCHITECTURAL PERFORMANCE
FACTORS-IN ENERGY
CONSERVATION

Edward A .Arens -301 -921 -3595
Building Environment Division

Sponsorst : Department of Housing and
Urban Development,

Energy Research and
Development Administration

/
ARCHITECTURAL ASPECTS OF
WINDOWS

S ,Robert Hastings -301 -921 -3595
Technical Evaluation and Application
Division

Sponsor: National Bureau of Standards

HUMAN BEHAVIOR IN_FIRES

Fred 1.Stahl -301;-921 -3595
Technical Evaluation and Application
Division

This project will determine the energy consump-,
tion'implications of architectural design, particularly
design that adapts to 'and capitalizes on its surrounding
climate, for input to the development of energy budgets
for buildings. CBT re ea/chers will study the range of
energy use and the m hems functions describing
these design factors:. s' ing a lye to terrain and other -
buildings; oriental n; envelop (wallS, windows, doors,
roof, floor); thermal mass, interior proportions, and
space utilization. The result% of this work -- on single-

_

family residences and on buildings -- will serve as input
to proposed building enereperformance standards.

Sponsor: Department -of Health, boodle.°
and Welfare

Until recently, the energy consumption of
competing architectural designs were of little 'concern.
The mechanical and illumination systems could always
be designed to compensate accordingly. The rapid
escalation of energy costs has changed this situation. It
is now important that architectural design strategies that-
will conserve energy be identified and that lighting,
co'oling, heating, and ventilation load calculations be
sensitive to such design subtleties. Windows are a
critical consideration because they may be responsible
for up to 40 percent of .a building's heating and cooling
loads, or they may actually reduce these loads. This
project will identify energy conserving design strategies
for windows, evaluate theii energy effectiveness, and

wor
assess non - energy consequences of strategies to
conserve energy. In addition, this project will assist in

.the synthesis of architectural design strategies from the
thermal, psychological, and economic constraints. A set
of interdisciplinary guidelines will then be published and
a Federal workshop on window research will be
conducted.

L .,-

v,.
. Each year, a great many' people die or are injured

in fires. Andamong the elderly and iniiiiii the statistics,
are, not surprisingly, especially high. Thus, the primary
aim of the project is to develop a model of occupant /
behavior -in fires in health-care facilities, for the
purposes of: exposing and.estimating critical parameters
and relationjhips, guiding future research and data
collection, and constructing tool4 with which architects
can predict the impact of design decisions upon
occupants.'; ability to escape, and otherwise protect
themselves, during building fires. As a first step, the .
Center is developing a computer simulation with-,the4,2----

emphasi bn human behavior. ilerikheral systems such
t?as fire moke migratiolor computer - graphics are

important to the overaffreseairc rogrigi. The
;simulation shall be designed to 1364 ompatible with.-
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ARCHITECT- IN- RESIDENCE

Porter Driscoll -301 -921 :3704
Technical Evaluation and Application
Division

Sponsor: National Bureau of Standards

POST- OCCUPANCY EVALUATION OF
GOVERNMENT BUILDINGS

Arthur 1.Rubin -301 -921 -2177
Technical Evaluation atd Evaluation
Division

Sponsors: Government Services Admini-
stration,

National. Institute of Health

l
-

existing threat-migration and graphicr.outines. This
project will prove an opportunity to explore the
problems of simulating human responses to fire events

. much more systematically, in greater depth, and solely-
in ration to health-care facilities. The end product will
be reports that document the systematic development of
the simulation model as well as the operational char-
acteristics of the simulation program.

..-
To strengthen the, link between the design profes-

sions and the building.research community, the
Ameriean Institute of Architects and CBT jointly select
a practicirig architect to work in the CBT setting for 1
year. This is the third year of the project. In previous
years, the architects have worked on solar energy, -
natural lighting, and acoustics. This year, the architect
will concentrate on the effectiveness of the way_CBT
'research is colninimicated to working architects. The
immediate beneficiaries of this project, will be the
architects of the United States who will be encouraged
to interact with the National Bureau of Standards
through their professional society, the Anierican

institute of Architects. This.project is supportive of
other National Bureau of Standaids activities,
particularly other 'architectural projects-and the
Architectural Graphic StandardsTask Force. ,,

, -

; i..z

In 1074', t Afts Endowment Federal
Architecture P ject recommended that Federal
buildirigs speci ically.considelhuman-needs. One of
their recommendations: "Post-occupancy 'evaluation_ of
buildings shOuldi?tclude an analysis on kiow buildings
meetemputnity and user needs." In a'clatessing tire,:

.. subject of research it states: `'What can safely be said is
that there is not enough architectural- research and
'developmeat;:,in or our of goyernment, and more
specifically, not enough dealing with the',,ways that
buildings.relate to theiriusers." The_rerfort underlines
the Endbw*nt's responsibility for upgrading the design
function -for federal .buildings through "extending the ,,- .-
concerns of Federal design excellence to=goVernment t
versonnel, to :design consultants lo...th4general . lip
public." Theliostsccupancy. evaluation project is a
response to-then issues. Theicentral ti?pbseof this
Proj4crwilliteto' deVelop.a preliminary set-Of nieaiure-

,
ment,procedurestfOr post- occupancy evaluation.

Will be chOlen from i-,eadh.Participating
Federal. agency anA=will be-.evaluated-froin.one or two
environment-behavibi< aspects (direction - finding, ,

auditory- privacy)' ofintereit to theiesearchers and to
the ajgency:,SinWeach building will' .have'_ ciiiferent;
activities; the aspects the ^nietha ogles
used can-beevalpates1 across'inbrOha4Atid,bililding
type.-.
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. SAFETY IN BUILDING EXCAVATION

Y .Yokel -301 -921`-347.5
Structures, Materials, and Safety Division

Iposor: National Bureau of Standards

SAFETY IN CONCRETE BUILDING
CONSAUCTION

Hai S . Lew -301 -921 -3852
Structures, Materials,and Safety Division

Sponsor: National Bureau of Standards'

:

ESTIMATING THE STRENGTH OF
CONCRETE

Hai S .Lew -3041:92 I -3852
Structures, Materials, and Safety Division,

Sponsor: National Bureau of,tondards

Under this project, the Center will develop a mea-

1
surement system and install it in brace xcavations to
!determine the forces acting on.bines,iheir variability,
and their relation to displacements. The measurements
will then be used to verify CBT's analytical methods for
evaluating the stability of 'excavations. The jechnical
challenge of the work is to develop a reliable measure-
ment system for determining,the pressures acting on
excavation bracing and the displacements experienced
by the bracing system as the excavation proceeds, and
to later use these measurements to determine actual
pressure and displaceinent and their correlation with the
type of bracing system used.

This project is concerned with- crite?ia and stand-
ardsgor safe erection, and removal of formwork
and noring duking concrete construction. The first
phase includes a'study of strength gain characteristics of
concrete and a determination.of the effects of shdring
imperfections. Previous research has sh`O`wn thai' the
magnitude of load imposed on the structure during con-
struction is sometimes greater than the load that the
finished structure is designed to-safely support, An .
analytical procedure in the form of a cOmputer model-
will be developed to study the parameters that affect
the distribution of loads between the formwork system
and th structure. The technical information developed
from th s project will be applied to industry,,through the
Americ ri NatiOnal Standards Institute, and to
Mandat ry Federal standards through the Occ upational
Safety and Health Administration. It is expected that
the project's results will significantly improve safety in
construction.

One of the most critical judginents`tobe made in
concrete construction is-the decision to remove the
formwork and scoring. Most of the serious accidents in
concrete construction occur when formwork- or shoring
is rentoyed too soon. However, recent research at the
Center indicates that the strength of concrete can be
reliably estimated using a factor combining the curing
temperature and the curing period. This factor is
termed the maturity of the concrete. This project will
develop and test an electronic measurement device that
will automatically and continuously compute and
display the estimated early-age concrete strength, using

6:-4,he maturity concept. Thisinstrument,if shown to be
reliable, would be useftriito the construction industry:

.
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PARTICIPATION IN THE AMERICAN
NATIONAL STANDARDSINSTITUTE
COMMITTEE A10, " SAFETY 1p
REQUIREMENTS FOR
CONSTRUCTION"

eS 0 :Bry's-on .301 -921 -3851
Structures, Materials, and.Safety Division

4

.SpOnsor: Occupational Safety a tiplea)th
Administration

SLIP RESISTANCE

Sanford C. Adler -301 -921 -3852
Technical Evaluation and Application
DiOision'

Sponsor: National Bureau of Standards

STAIR SAFETY

John C .Archea -301 -921 -3595
--T-echnical--Exaluation and_Application
Dtvision

Sponsor: National Bureau of Standards

Voluntary standards committee work for
improved safety standards is a continuing effort. New
standards are developed.when new or different
ptocedures.are put into use, and old stand'ards are
rE4ised when new-"aind better information becomes '
available. In this regard, this program is a continuing

..one. The Center will assume a* leading role in
devulopiri and providing the basic technicAl informa-

lion for updating safety standards, particularly in the
area of concrete construction, trenching, an
excavation. CBT will participate in subcommiuee
activities and. contribute to updating standards in areas
where new research information is available or where
studies are currently underway. Reports will be
prepared on'critiques of specific standards. CBT is also
working directly with the Occupational Safety and
Health Administratjon, the, American Federatid of
Labor-Congress of Industrial Organizations (Building
and Construction Trades Department), Associated
General Contractors.. and others on matters dealing with
this probtem.

The nearly 10,000 deaths and t 1/2 million
disabling injuries'caused by slips and falls in American
homes each year (as reported by the National

. Commission. on Product Safety) point up the need for
improvements in slip-resistance measurements. Work
began on these improvements last year, when, the
Center developed the NBS-Brungraber portable slip _

tester. The tester provides highly repeatable and"
accurate results; is usable under wet or dry,;laboratory
or field conditions; accepts sensor materials $ .

representative of bare or shod feet; and can be easily
and reliably calibroated. The tester has been
incorporated in a draft American Society for Testing
Materials standard fat slip-resistance of bathtub and
shower..surfaces. -

This year, the research has three goals: to
establish .standardized, quantitative test procedure;, tto
establish a data base for flooring and shoe sole materials
to recommend acceptable, quantitativeleyels of slip-
resistance; and to study the 'mechanisin of slips add
falls.'

The goal of the stair safety project is to reduce
the frequency and severity of stair accidents.,These
accidents cost the U.S. public,over a billion dollars
annually iii4medical c'bsts,alonOKey objectivei are to
substantiate stair safety requirements and to provide
and deliver stair safety information for use by
researchers, building code offiCials, model building code

69-
."



a

- I

;

SECURITY SYSTEMS

Thomas W . Reichard -301 -921 -3475
Structures, Materials, and Safety Division

.Sponsor. Nattonal Bureau of Standards

DOOR AD AirliNbOWSECURITY ...

DEMONSTRATION
.

Joiii4:-Stiiiik =301 =92;1 -3595,, . -

Tithaiil-Evaliiiition",:and.AppliCaliOn.:`
:,,-.3,,, "DTs;dn. ....

C

,,-Spiinson, _Pc-path-hint 0.41:faitsing and
`Vrbati:Develbpment-

; cis 7. 3 9 * -

A '
organizations, government agen cies with buildiv regula-
tory functions, architects, other building designers, and
building managers. This year the.,iproject will publish the,
reports Siair Safety Performance Requirements f(ir
Retrofitting Buildings, and Stair Safety Pe.tformance
Requirements for New Construction. A stair safety design
guide for architects and a technology transfer system
also wilt be developed.

This project is to .provide performance criteria'
and test methods for evaluating the resistance of
residential and light commercial door and window
assemblies to forced entry. In the past, project staffers
have instrumented typical doors, windows, and burglary
tools, so that the actual fbrces imposed during a break-
in could be measured. Technical data then were used in
developing criteria and test methods. Proposed criteria
for swinging door ;shreplijies were delivered to the-
Bureau's Law Enforcement Standards Laboratory
(1.ESL1-and then submitted by LESL to the Law
Enforcement Assistance Administration for
promulgation as a voluntary standard (NILECJ-STD-.
0306.00). LESL also publishedta user-oriented
brochure, Home Security Starts at Your Door, a free,
illusfolder covering doors,-locks; frames, and

7

hinget. Moreover, thetechnial and trade.press have
also published information regarding the door security -

standards. Proposed standards developed by the Center
for windows and sliding glass doors also have been
delivered to LESL and are being circulated for.
comment in bothipsivate and public sectors. The_
-swinging door standard has.-heen widely disseminated
and bas encouraged the upgrading of doers and locks
by industry. The standard'slninirrium requirements have
been incorporated-in a modeNode (the Uniform
Building Code) and the standard's test-methodeftVe -

been adopted-by the American SoCiEty forTesting and -
Materials.

S

. .

In an earlier project, thelCenter developed dbor 14'
and window security-stanciar4for:te.Pepartinkiit.of
Justice,in,thisilojeOt,-;ithk-,stir" idards:aie being field
testedin three
derrionStration-is tectirdiniztkefaetual,p_erforinairce
.spectfic,dciop,and:WIndow:ctimporients!,tointeasure
-\hOw.-411:iliek.ititAye..aCtuil:hieakin-attempt th*

of-AiieprOjeat,:i4r4e:n4et-Ot specifications for
bidding,:Anstallatkri;Andfirlainienani*:6(,dOntand



ELECTRICAL DISTRIBUTION
SYSTEMS

Adolfo A..Canlacho -301 -921 -3293
Building Environment Division

Sponsor: National Bureau of Standards

V

111111.1...

6

recommendations for changes in model building codes
andAbe Department of Housing and Urban
Developmenes Minimum Property Standards-

This project will identify the p-prformance;
oriented needs of electriCal service systems in buildings.
Its first step will be a state-of-the-art survey and review
of "existing codes such asihe Nationtl Electric Gode
(NEC), standards such as those of the American
National Standards Institute, and Psi .safety require,-
merits such as those of the National Fire Protection
Association (NFPA). The studywill also identify tech-
nology gips to improve performance from the building
service entrance to point of'use, with respect to fire
safety, shock prevention, and .efficient distribution of
energy. The findings of The study will contribute to
NFPA 70 and NEC standards.

ti
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ENERGY CONSERVATION IN MOBILE
HOMES

Bradley A . Peavy -301 -921 -3503
Building Environment Division

Sponsor: National Bureau of Standards

PARTICIPATION-IN THE AMERICAN
NATIONAL STANDARDS INSTITUTE
COMMIKTEE A119, " MOBILE HOMES
AND'RECREATION VEI,IICLES"

James H .Pielert -301-921-3447 .

Office of Building Standards and Codes
Services

,Sponsor: Departmen1 of Housing and
Urban Development

WIND FORCES-ON MOBILE HOMES
AND ANCHOR SYSTEMS

Richard D . Marshall -301-92T -3475
Structures, Materials and Safety Division

Sponsor: Departnient of Houfing and
Urban Develoment

This project includes the instrumentation and
study of the thermal performance of a new furnished
mobile home, built to the American,NationaiStanetards
Institute A119.1-1975, Mobile Homes Standards (with
foam insulation in the walls and under the floor). The
outcome of the work will bemethods of factory testing
mobile homed to determine air infiltration rates and to
identify areas of excess air leakage: Also, predicted
versus actual energy use will be compared under
simulated weather Conditions to develop energy budget
figures for mobile homes. Moisture condensation
problems in the mobile home envelope also will be
studied. Emphasis will be placed on developing criteria
for the installation of water vapor barriers and for -

ventilation control equipment.

As part of its role in transmitting the results of its
mobile home research, the Center takes an active part
in the American VationarStandards Institute (ANSI)
Committee Al 19, "Mobile Homes and Recreation
\ehicles." There are presently On-going Institute for
Appljed Technology mobile home research projects in
the areas of fire safety, wind resistance, thermal perfo;-
mance, and performance evaluation. CBT work in
energy conservation can have a direct economic impact
on mobire home consumers as well as impacti g a
national problem. Work in thesetreas needs t be
rapidly incorporated into mobile home standar s. The
project's overall pal is being met by at
meetings of the ANSI CorrelatingCommittee, the
Mobile Home Sectional, Committees and the Mobile
Home Installation Sectional Committee; coordinating
the National Bureau of Stindards staff input to the
standards development deliberations; formulating ballot
responses; and supporting the Federal Mobile Home
Standard. '. --

This project involves full-scale-studies-,of wind
- forces and the response of a mobile home to these
,forces. A 3.7 by 18.3m (12 by 60 ft). Unit willrhe fully
instrumented to Measure internal-pressures, external
surface pressures, lift and 'drag forces; and racking
deformations. Corresponding measurements of the mean
and fluctuating components of the, oncoming wind also
will be measured. Finally, the data will be reduced to
dithensionless coefficients and applieeLto appropriate
reference.wind speeds/0 obtain design leads in terms,of
equivalent static loads.

f:. A final report will .be prepared whith; fully
'describes the experimental setup, the experimental.
techniques used, the test results and-results-of the data .
analysis. Finally, recommendations will be developed for
the next revision of those sections of the Department of
Honsinrand Urban Development-'s FederalAobile. .,
Home cOristruction,and Safety Standards-dealjog with;,
wind-loads... , -

. -
--
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BUILDING STANDARDS
DEVELOPMENT

James H . Pielert -301 -921 -3447
Office of Building Standards and Codes
Services

Sponsor: National Bureau of Standards

'7 +

BUILDING"CODES SERVICES AND
IMPROVEMENT

fames'M . Hicks - 301 - 921.3146
Office of Building'Standardsand Codes
Sirvices

Sponsor:. National Bureau-of: Standard,. ,.

It is important for the Center to encourage a
-unified building standards and codes system because of
the added economic burden on builders, regulators,and
consumers caused by "a fragmented regulatory system.'
The technical content of national building regulations
also needs to be harmonized with international
regulations. The piffo:iin an ce concept is an important
vehicle for aCcompling this goal.

The project's primary objective is to transfer the
results of research programs into the building
community as well as to identify research areas where
CBT could effectively work. A secretariat has been
provided to CBT's present unit within the Bureau, the _
Institute for Applied Technology (IAT)/Building
Standards Council (BSC). Thirtairs scheduling of
meetings, preparatiowiof agenda and the development of
special Tepcirts. Objectives of the IAT/BSC are to
developpolicy,on building standards issues and to
coordinate standards activities which overlap various
IAT units. High-priority building standards activities
funded under sepasate projects will be monitored to
improve their impact on the standards development
process. TheseihClude: the4rnerican National
Standards Institute (ANSI) k58 "Design Loads in .--
Buildings;" ANSI A41 "Masonry; Foundations and-
Excavations" (formerly ANSI A56); the American
SOciety,of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE) 100 "Energy Conservation in
Existing,Buildings;" ANSI,A40-"Nhtionalillumbing
Code;" ASHRAE 90-75 "Energy Coniervation in New
Buildings; Solar Energy Standards; American Society
for Testing and Materials C1'61Thermal Insulation;"
Secretariat for Buildinkcs("fetyr ornmunications
Standards', ANSI 10 "Safety in Construction;" and
ANSI A119 "Mobile Homes.`-'-Each of theseostandards"
activitiesis-ielated to ongoing,r4earch-in CBT.

,,C13T is also represented at the.International
Staiidards Organization Divisional Council for Building

- "and Con u,Ction, which has responded to a United
Nations request for teChnically'coherint international
standardi. This response includes aPlan to develop

,.internatiOnal standards describingsmethodology., /
terminology; and format for rewriting building
regulations in-perfounance terms.

.
The CBT building research can reach code and .

regulatory agencies with a minimum of delay by".
working through eitablish'ed groups such as the model

- codes, The National. Conference of States on'Buildin'g.
Codes and Standards, the American Major City kuilding

fici , the Council of AmericaitBuildg.Officials,.
rs will be'icdomplished:bythe distribiiticin 'of.pub--

licatiOnS and representation at iMportantmettings,
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NATIONAL CONFERENCE OF STATES
ON BUILDING CODES AND
STANDARDS

es,H .Pieleri -301 -921 :3146
Office of Building Codes and Standards
Services.

-Sponsor: National Bureau of Standards

RESEARCH CONFERENCE ON THE
BUILDING REGULATORY PROCESS

. -

Patrick W .Cooke -301 4921 -3361
. Offilo[Building Codes ...gd Standards .

SetvIces
.

SOnsor: National Bureau of S tandards

participation on advisory committees of various model
code groups, maintenance of a building code file on
current regulations, and other activities for advancing
the trend 'toward greater uniformity between building
codes. The model code. change..hearings and annual 4,
meetings represent unique opportunities for the
dissemination of CBT research. Prior to these meetings,
the proposed code changes will be reviewed for
relevance to on -going National Bureau of Standards
research. Where appropriate,-technical input yiiill`be
provided through written testimony or through
attendance at thehe4ingslby Ctif.

The tioildinpregulatory system', increasingly a
State function, represents the public interest in the
design, construction, and operation of the built environ-
ment. The National Conference of States on Building
Codes and Standards (NCSBCS) is a means by which
the Center's research can reach the regulatbry agencies
With little delay. NCSBCS is a vehicle for.helping the
Center identify building reserithiireds because State
regulatory agencies are in direct daily contact with
building users and constructors. This is an effective
means for cooperative participation of all levels of
government in reaching decisions regarding supportive!
technical assistance, research, and finance.

This year, the Center is providing, NCSBCS with
continuingetechnical assistance; providing a senior -

technical advisor to its.Board of Directors; providing
technical support td participating organizations of
NCSBCS; and providing liaison between the States, the
codes and standards generating organizations, and the s

Federal Goyernment. The Center also.i.s.giving direct
technical input to NCSBCS standing committees."

a

This*annual conference is intendea_tolnform and
assist decision-makers in-the regulatory- area by
reporting on'-building-tegulatory developments-that -
advance or retard' technological:change. Whyis this
necessary? Because regulatory - policy Latitie often-,made
and enforced without the'benefit ofobjettiie - ,

knowledge of the impacts of those the
building community and-wheifier those-Policies are
achieving the desired effects -List.year,-1,Centef-fOt.
Building Technology/National conferenceof.Stateson
BuildinacOdes,and:StandardOloint'Conlerenceon. .

Researchand.Innovation in the -0-40aintAegulatory
Process was hellatrridence,,Rhodelitaridi

. Vroceedings'Of the sessions, including the papers
--presented; are:heing.:publithed: A,DireCto6 of Current
Residieh on ,lhe'Building Regulatary,Prociis, also Will-be
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COMPILATION OF THE LABORATORY
.EVALUATION AND ACCREDITATION
PROGRAM

Patrick W .Cooke -301 -921 -3361
Office of Building Standards and Codes
Services

.

Sponsor. National Bureau of Standards

Air

COORDINATED ME
'FOR. BUILDING

Ward V. Buzzell -301,;7921 -3146
Office of Building Codss-and Standards

Sponsor:- Nation 1 Bureau of Stahel rds

DIMENSIONS

W"

published, as will the proceedings of a workshoiron
Innovations in Building Regulatory Agency Mapagement
and Procedures held in Santa Fe, New Mexico,

. It is not enough for the construction industry to
evaluate and approve its buildings and the materials
used,in them. Steps eteps must also be taken to certify the
laboratories where building research is undertaken. ,

Thus, for the National Conference of States on Building
Codes and Standards (NCSBCS), the Center began a
Laboratory Evaluation and AccreAitation Program
(LEAP) to develop criteria to deteimine the capabilities
of laboratories to perform engineering analysis, testing,
and inspection.

The work uncovered a technical basisfor..,the
evalnation, of laboratories that certify manufactured
buildings: mobile homes, and building components. To
date, the project resulted in the creation of two
v.oluptary consensus standards generating committees
(the American Society! For Testing ;an.d Materials E-32,
"Criteria for Evaluating Agencies C'oncernedswfth
System Analysis Testing and/or Compliance Assurance
of Manufactured Buildings" and E-36, "Criteria-for the-
Evaluationsof Testing and/or Inspection Agencies;") to
further tirocess the LEAP documentnto final stand-
ards for-national-use. Further, a joint cooperative effort
was undertaken in Massachusetts to demonstrate the
impact of such a program on the building regulatory

processes of the Nation: The LEAP-final document to
be developed this yell- will regulatory agencies,. ,
manufacturers, and users of buildings' and building
productsj

This project provides research and technical
studies asa basis for assisting-all segments of ,,-
building=community (ineltiding-goVernmental agencies)
in the development ofan acceptable ndtionaliirograni;-
of metrication and dirneISinnal,coordination. The
prolecf.produced.Nss-teChnioal-gqte 915, Metrication'
Probleins in the.tonstruction Codes and Standards Sectbr
and a select bibliographS,.on the subject. The renter

'accepted the rolepf secretariat, for two sectors-pf the
Construction-Indiistries'cObrdkoting:Comniittee of the
Ainericari,National MetricCouncill,and,provided liaison
with "the IliternationalStandardi.driandation and with
many-industrialiienations. Late .in the year-`the Center
obtained:- the 'consulting services of the AsSistant

..:Sedietary for:Housing Reseaich, :Australian- Department-.
of ,EnvirOnMentMousing ancr:Commtinity.;DeVelbpfient.

-Whitt projec ''isgargeted_toclbenefit- the
building community as Avhole, its major benficiaries
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NATIONAL INSTITUTE OF BUILDING
SCIENCES: TECHNICAL SUPPORT

James P.Gross" -301 1921 -34470,.
Office of Building Standards and Code
Seryices

o 3

Sponsor. National Bureau of Stuildards

4

`
MODEC'DOCUMENTATION FOR
ENERGY STANDARDS

Patrick W _Cooke -301 -921 -3361
Office of Building Standards and Codes
Services

Sponsor:, Energy Research and
° 7- Development Administfttiott

PERFORMANCE STANDARDS-FOR
_

SPECIAL AND INNOVATIVE
CoNSTRi1Cildtl; 7

4

Thomas ,C .Faison- -301 -021 -ha/
Office, ofilousink-and Budding Technology.

-.Sponsor:- ;',Department of I !Owing and
U.r64,17-Pivelopmeni

will'be those organizations and governmental agencies
involved in either the promulgation or the
administration of Wilding standards and codes.
Holyever, much of the research results will be used by
the design and engineering members of the community,
both those who are concerned With the design and
planning of, products /materials and assemblies and those
concerned with total structures.

The National Institute of Building Sciences
(NIBS).was established by Public Law 93-383. The
Center's role is to provide technical services and
technical studies to the Board of Directors of NIBS to
assist them in organizing NIBS to develop, promulgate,
and maintain nationally recognized performance
criteria, standards, and other technical provisions.
Studies will be conducted in the areas of: freqUency and
area of existing building standards in building
regulation, existing usage of performand standards and
criteria in building regulation and procurement,
identification of technical issues and problem areas
related to dei-elopment of'performance standards and
criteria;,and technical studies on preferred format of
performance standards and criteria.

Consideiable impetus was given to the develop-
.

ment of dnergy.tonservation standards by the passage of
the Building Energy Conservation Standards Act of

.1975, providing for development of component perfof-.
mance standards as Well as building performance stand-
ards. This project will fOcus on the prefiminary'develop-
rrient of model documents, formats, and administrative
approaches to building energy conservation. The devel-
opinent of such a system' will consider and be based in
part on exiitingsegulatory programs and evaluation or
apprpyal systems.

Unde(thliprojecr the centet-for, Building
Te hnology ,is ,preParag a doCUMent:on performance
c eria and:,rnethods_:Of'evaluition to be.uslid-.by
Department -4'1-444ing,4ncl'U,rhnpevelcipinerit

Jheir .inostagOge,inknraillke,,program,,,In-:effeet,'4i4o,new
standards will'"haVe'ratiOnaLimPact :because' they will 1:1c_,

Property
4anclar4. Ai:ineW;Inaterini4;.01-,"tyPO of'of OonStruOtiors
are`,:"submitted,:to':$0Dllorinpceptarietilhese-nK-
:-stipPienientalp,eifOrmatic-e'ialiaridarde,Wilfliel'Alsed'!'in--
thoseCaies'WhereTthe ,tfaditional.'MinJniuin,,Property

..Standardsspro`ve r fq lie inadequate =`



A RISK- ANALYSIS APPROACH TO
RUILDING SAFETY

Robert J . Kapsch -30119.21 -4447
Office of Building Standards and Codes
Services

Sponsor:. National Bureau --of Standards
cs.

o tl

O

The network a buildin-g regulations, standards,
and codes provides a certain level of safety for makers
and users of buildings. However, there is little under-
standing of people's attitudes toward different types of
building related risks, and there is no uniform set of in-

, formation on costs and safety losses that can be used to
assess 6uilding regulations. In effect, this'situation could
simply raise building costs without improving safety. ._

. This project consists,of four major.steps. The first
step is to extensively review the behavioral and
eConomic_ literiture to identify information, theory, and
studies concerning attitudes toward building-related ...-

risks, and human response to risk. The second step is to
collect and identify source data on safety lossts and
costs.,The third step is to compare the economic and
behavioral studies in step one and the information I

compiled in step twOto identify problem areas and
further research needs. he final step is to forniulate a
workab approach to decision-making that will relate
leveli of ask to performance-based safety criteria. This
tool also lwill.be used to assess present and proposed
building regulations:
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HOUSING TECHNOLOGY'

, Thomas K .Faison _-301 -92! -3231
Office of Housing and Building Technology

Sponsors:

- ;

National Bureau of Standards,
Peparanent of /rousing and

Urban Developnient

FEDERAL BUILDING TECHNOLOGY

Harry E.Thompson -301 -921 -3233
Office of Housing andirBuilding Technology

SponsOr: Na(izal Bureau of Standards

O

HOME IMPROVEMENT TECHNOLOGY

Harvey W , Berger -301 -921 -3281 "4
Office-of Hbusing and Building Technology

111- Sponsor; Departnient of Housing and
Urban Development;}

,,through

This project is an open-ended source of technical
assistance to provide answerkto problems related to
solving the Nation's,housing needs. Last year, for
example, the Center for Building Technology sponsored
a solar energy roundtable to:bring consumer-oriented
magazin :editors together with Federal technicalPVicy

a ,tmakers t discuss:Oar demonstration p:rogramvThe
Center al o helped the Department of Housing and
Urbai{ Development (HUD) in program development

'through project proposal generation and analysis of
program opportunities and coordinated semiannual

) projeet reviews for HUD long-range research. The
Center also participated ill the generation of plans kir
the Solar Heating and Cooling (Residential and
Commercial) National Program"! Technical support on
these and other like projects will continue this year. The
results of the research will be available in Center and ;

'HUD documents as well as professional papers.

J;

This noject is designed to promote building
research within the Federal agencies,' to coordinate
Federal activity in building research,'and to provide
technology to support Federal building. These
objectives are met by sponsoring monthly workshops on
building technology for Federal representatives, partici-
pating in the Federal Construction Council meetings,
disseminating research results and reports, maintaining
liaisOn with other Federal agencies, developing new
techalues for use by other agencies, participating in
committees, seminars," and workshops, and maintaining
a Federal building criteria reference service. tn'addition,
a Federal Building Research Panel will be established
this year to study the-research needs of the Federal
building community., .

1,

This project will investigqe,the role of technology
in conserving the Nation'sexisting housing stock

,,through the improvement and encouragement of repair,
"replaciiiientand renovation. The project will-begin
witiLan-assessment of,the'stafe-of-th4Irt in renovation,
especiallyithose techniques which have promise but
which arettot now being used. A further study, of
technological gaps will identify targets of opportunity as
well as likely areas of innovation. Concurretit,with this
,research will be a locgat constraitits-tozechnolegi,
such as'-building codes or high inves'tmenWegtoolin
costs.
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INTERNATIONAL BUILDING,
RESEARCH ,

Noel J .Raufaste -301 -921 -3106
Centerk .Building Technology
Headquarters '

Sponsor. National Bureau of Stariddrds

0

PROGRAM .EVALUATION AND
PLANNING

Noel J .Raufaste -301 -921 -3106
Center for Building Technology
Headquarters

Sponsor: National Bureau of Standards

BUILDING TECHNOLOGY

o
INFORMATION

Noel J .Raufdste--301 -921 -3106
Center for Building Technology
Headquarters -

Sponsor: National Bureau'of Std ndards.

This project is a
4feiv

forum for researchers from CBT
and foreign research organizations to exchange informa-
tion and coordinate' their research activities. The project
responds to foreign requests for technical information
on building technology, supports complementary
building reSearch provided a mechanism to
exchang echnical staff, provides a-ineanele"*"'
partici ternational conferenees\as members in
international organizations, and provides teclAeal
assistance to 'developkee,auntries. In the recent past,_
CBT has conducted international prOgrams with Brazil,
Jamaica: Canada, France; Japan; Philippines, England,
and Egypt and has served, on numerous international.
panels (such as the International Council for Building
Research Studies and Documentation, International
OrganiAtion for Standards, the Int4national Union of
Testing and Research Laboratsties for Materials and
Structures, and the International Institute of
Refrigeration). This year such work will be expanded to
covercooperative research with Poland, Israel, and . -
Spain, among other nations. The Center,also publishes
an annual report on its international activities.

This.project supports the evolution, presentation,
and documentation of, the National Bureau of Standards
building science and technology program. Among other
things, the project isliftlocus of activity for coordinat-

The project aims to °develop d updat8 the impact of ° .

ing the preparation of-the CBT f.year research plan.

CBT research projects`? _tiqully develop CBT's
lb.communications with the building community; increase

participation with other National Buteau of Standards
units concerned with buildings; develop the

. Congressional budget narrative and the subcategory 7
document; and publish guides for preparing manusctipts
and visual arts.'Overall, these tasks assist CBT in
reaching its institutional goals of a better built ertvirori-
ment,..

.
Information is the Center's ultimatg_product. This

project is aimed at effective' delivery of thapt product
through' skillful disseminaiion..techniques and ,ah-u nderr,
-standing/of theinformationAeeded by the btiilding
commtinity> Tothis end, the eenter'has established a

. .
i,,multidimensional l information program.' It broadcasts'

reseurch,findine, accominodates'apecitic inquiries, and
interaetswith the building ominuaityllitough_liaison
activities With building ,grOqs,,:hosts Wilts_ ands'
"Oorkferences at the Bureau, and participates atlielect
meetings.and.'cotiyentionscif btiildikg;orgaiiizatiOnt. All-
thii:perrnits,alw,o7tay inforinationTION4leedbAck
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COOPERATIVE TRAININGPROGRAM
WITH BRAZIL

Thomas K .Faison 8301 -921 -3231
Office of Hodsing and Building Technology..

Sponsor: Agency, for International,
- Development through State of

Sao. Paulo, Brazil

TECHNICAL SCIENTIFIC
BUPPOitTO THE...TRI- SERVICES
40MMiTTEE

Harry E;Thoiii,i'On -301"-92.1-3231,,
Building,

assists the informatiOn program in meeting the needs of
the building community's research, policy-draking, appli-
cation, and consuming sectors. Recent productions were
three companion reports, Center for Building .
Technology: A Perspective, which presents an overview
of the Center's status and prospects; Building _

Technology Project Summaries, which summarizes the
Center's research activities during 1975r and 'Building
Technology Publications, ,a cumulative listing of
all the Center's pAlications over decade;
brochures on select Center building retearch activities,
and a draft report scheduled for printing in the
Spring of 1978, History of Building 'Research at the
National Bureau of Sttndards, 1968 - 1974 .

This project is a cooperative one between the
Centertnd the Institute for Research Technology
(Institute de Pesquisas Tecnologicas, IPT), Brazil. It..
provides for 1PT trainees to work on ongoing Center
studies. A recent trainee worked on, among other .

'things, performance criteria for windows, which will
become .the basis for similar Brazilian Standards. This
year's three trainees will work in the areas otplumbing;
kledtrical research, and materials durability. Center
staffers also helped forma team estiecialists within

iPT to address the -total performance -of buildings.

,This projett proVidei teciinicaf4s-Sistance and - ,
engineering sdpport to'assistlhe*Tp-services-.- co m inittee

- of the .Departinent of:Defense:iri;:their:building rreseareh
-and development activInes,-,-puring.f,y77,_ nine,areas of

buildingreid,arch Wili.be?stitdieckiarthquake.-teslitaiiVt1
,Office of Housing' and` Technology. . design of masonry structures; ^reduced venting;

Sponsor:

. . _

OdCfcir"..fgut ink au;
°

r t - Services CoMmiffee of the -lesikagl'5uIldingipinCsealan ts
1.1410iMenr of Defense_ ,r-114POlyttie th an e

I g

- .
p.erformakceofiez-t-O:pliiii:,perfor,

a4ditibintlieTCeri(er-raegitiCiiiitaklia*receiVe-
t telephone. inquiries. eque"stinjg advice from tht;'`hTri-

, SeniC:g



THE DEPARTMENT OF HOUSIN9 AND
URBAN DEVELQPMENT LONGIANGE
RESEARCH:

Harvey W . Berger -30! -92! -328!
Office of Housing and Building Technology

Sponsor. Department of-Housing and
Urbi2n Development

THE DEPARTMENT OF HOUSING AND
URBAN DEVELOPMENT QUICK
RESPONSE STUDIES

Harvey W :Berger -301 -92/ -3281
11 Office of Housing and Building Technology

Sponsor: Department of Housipg and
Urban Development
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The United States-has a tontinuing need for
adequate, safe and durable housing at reasonable costs.
To respond to this needdongress, by legislation,
assigns ti th,e Dejtment.of Housing and Urban
Development (HUb) certain regufatory and
administrative functions in the housing field which
require the application of hbusing technology and
research Capability. Since HUD has no laboratory
facilities and its in-hotise technology based research
capability is limited, they have turned to the Center for
technical assistance and research support. The specific
projeeks funded this year are summarized elsewhere in
this report.

The pepartment of Housing and Urban
Development (HUD) frequently receives inquiries or
requests for information regarding problems in the
b'uilding technology area. Many of these requests or
problems require technical analysis or investigation.
This project is designed to provide HUD wit the .

capability pi' quickly bringing the Center's expertise in
the building technology area to bear on these problems.
Specific.tasks may encompass such studies as
conducting a fire test on ,a questionable material or '
assembly, a racking test on a panel wall, testing for
arsenic leaching from presetvative treated plywood,
making air quality tests in homes where asbestos'.
Materials have been user.L'evaluating a`component for
durability, measuring the capability of an in situ brick

Jesting device, writing a state-of-the-art report on 4

plumbing trees, or develop criteria for hallway width.
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